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_n :e,_ CT1eans, for a_i_roval prO.or to incorporation.

t

I._. D5-12561
->-



&

MODEL

Tl-r_ .E

i

$-10 r_OCUMENT NO D,_-12_I

Coml_.lete

REvIS:ONS
III

DAmP

,i,.,

I

] " _ 5L

i

i

i

ADDITIONS
II I

OATE PAGE _AT_

THE BOEIHG COMPANY

SATURN BOOSTER BRANCH

_J

1_1



C_T_T

!.O

!.5.2

2.0

2.1
2.2

2.3
2.4

2.5
2.6

2.7

2.8

2.9
2.10

2.]_i

3.2

).3.1

5.2.2

3.2.}

).2.a

3.3
} "} e_

].3.2

3.4

c.O

_.2

_-5

_.6.2

_.6.3
4.6.4

4.6.7
_.6.8

4.6.9
u.6.10

4.6.11

NOTICE

LNTRO_.DUCTION

F,anufacturing Organization

Organization Structure

Vendor Policy snd Interface

FABRICATION AND ASSemBLY PROCEDURE

Stage Description

Thrust Structure Assembly

Fuel Tank Assembly

Intertank Structure Assembly
Oxidizer (LOX) Tank Assembly

Forward Skirt Assembly

Fin and Fairing
Vertical Final Assembly
Horizontal Ins_allation

_glne Buildup
Refurbishment

SUPPO.,RTRE_U_T._ .-MI,SC,E_..ANEOUS P_NUFACTb_ING

Program Schedules

Manufacturing Full Scale Moek-L_
_.lanufacturlng Engineering Responsibility

Final Assembly Sequence
Wiring and Tubing Development

Configuration Control

Vmnufacturing Development and Process Control
Manufacturing and Process Documentation

Specialized Manufacturing Development and

Production Equipment
Integrated Support Parts Requirements- Spares

AUTHORIZ_I) TOOLING

Concepts
Tooling Policy

Scope
,_ypes

Master Gage Plan
List of Authorized Tools

Thrust Structure

_uei Tank

Intertank

LOX Tank

Forward Skirt Assembly

Fin and Fairing
Tunnels

Engine Buildup
Vertical Final Assembly
Horizontal Installation

Handling Equipment

li

I-i

1-5

I-5

I-5

2-i
2-I
0

2-67

2-I01

2-135
:-_53
2-i57
2-2].9
2-265

2-277
2-286

3-i

3-a

)-6

3-9

_-26

4.J_

_-I0

_--A9

_-I_

4-22
_-2_

4-31

_-32

_-36

D 0 XfNO
, , ,., ->-



5.0

5.2

5.3

¢,.0
6.1
6,1.1
5.!.2
t.1.3
6.2

6.2.1
6.2.2

0.2.3

6.3
6.3.1

6.3.2
0._

6.4 .I
_.4.2

_,5
6,6
<.; _i

t.!.2

:i. ?. 2

6.7.3

?.O
_.I

9
e

7.L_

v,4.2

7,_,3

V.5.1

9 c
. ,,,, j • _

_.5.4
7.6
7.6.1
7.6.2

7.6,3

7.6._

fO CTZO J CAPACnY OFTooLs
De_crlption by Tool Types
Function of Specific Tools
Function of _thorized Tools

Capacity of Tools

5-1

5-1
5-17

5-22
5-50

Final Assembly Facility 6-1

Vertic_l Assembly 6-1

Horizontal Installation Position 6-3

Refurbishment Position 6.3
Major Sub-Assembly Facility 6-}

Fuel _nd Oxidizer Tank Assembly Build-t_p 6-3

Hydrostatic Test and Cleaning 6-9
Engine 5uild-Up Facility 6-9

F/nor Sub-Assembly _xea 6-9

Sub-A sse_ly Area 6-11

_jor S%m_ctures Assembly Area 6-11
Electrical and kVzectror_c Facility 6-11

_.ectrical P_brication and Assembly Area 6-11

Elect_or.l: F_bricat ton and Ass_bly Area 6-13

_nuf_cturlng Full Scale Mock-l_ 6-_3
Rewo_ _odif_'_tlon and Too! Maintenance Facility 6-I_

_e F'ew_:r_..,_ K__Ification Area 6-I_

T<_:-C Rnlntenance Area 6-15

Cc_@one::t Cieanm_g an,:: nemica! Cleaning and
Finish Proces3 Area _-I?

/alv9 Clinic 6-17

Tube and ,'alveCleaning Facility 6-19

VaJor Co_4oor_entCleaning Facillty 6-20

DKSCRI_.IO_, F_D_CTION AND CAPACITY OF TEST STATION 7-i
/--i

Area Layout C:mr%_ 7-3
Sub-System Test 7-6

Test Co_ !ex v-6

Test _ulpment Lnst_iatlons, Checkout,
Calibration and :iaintenance 7-_2

3uo-_stem Test Operation ?-33
5ta _e Checke_,% 0-38

Stage Test Complex ?-38
_sta!iation, Checkout and Calibration v-_O

Stage Transportation and Handling 7-4_

Test £_,_rations 7-_7

Test }-_annlng 7-50

Test Equipment Procurement 7-50

Test Equipment and GSE/MSE Checkout and
Calibration 7-51

Stage and Ground Support Equipment Functional

Test, Calibration and Checkout v.q

Configuration and Accountability 7-52

9-



_,0

8_2.1
_,2,2

_.Z,3

6.2.5

8.3.1
8.3.2
8.3.3
8._,

5.5

_eneral Description

Contractual Requirements

Item II Monthly Progress Report

Monthly Technical Progress Report

_uaz_eri_ Te_hnleal Progress Report
Annual Repo_
Bi-Weekly PERT Analysis Report

Boeing Internal Documentation
Documents

Directives

Operating Procedures

Specifications - ._ASA Engineering Standards
The Boeing Saturn Record System

8-1
8-2
8-2
8-2
S-3
8-3
5-3

Sm_

%-5
S-7

I
A_' _IrjAIl'_ I,.,o, D5-12561 .__

" ' IPAtm " vl
9-



jlr B BPNe
t !



LOK Tank

Fuel 7.'_nk

Fin and

Lntertank

Thrust
Str._cture

• .. ,.

->-



H, ,. _TZOD UCllO;i

A_I:.I_tloc_._nt, DS-12f_l, "The ]]oeing ]_anufac%uring Plan for the

5-iS 5tace" is s_bmitted to the ieorge C. f_rshal! _pace Flight

Senter in accordance with the r_]uamerents of Paragraph A, Part

i!i of _--xhilit "k", 7ec_nica! Uork Scat_ent of Contract ".AS6-

5608, dated January i, 1963.

qqnL_ :anufacturLng Plan presents procure:_'ent, manufacturing and

assembly methods for the fabrication: of the S-IC Stage by the

._oein@ Sompa,cj at the _.ichoud i_aciii_/. The concepts and

1_ethods outlLned are consi._te:_t with the stage of design at this

time. The proces;_es and techniques outli:_ed in this kanufacturinc

Pi_:-.ar,_ "_ithir_ the present stage of the art and consistent with

reliability requia-e_ents for :-_rn_ed :_pace flis1_t.

The docu_.ent describes t_.e or;ani_tional structures and areas

of re:_ponsibLlity i._ the _ocin_ 5atu_, Looster =ranch. it

iet-_ils infor.7_tion relative to fabrication and asse:_i_ly Frocedures,

sequences of rmnuf_ict_ri_i S operationa _, a_l the toolin{ to [e

utilized. _he plan also incluces t/he description, function, and

esri_k%ts_ c_pacity of _iI tools a d facilities, inspection and test

s-_:_tions, specifications, ana drawing :_mbers of documentation

r<_q:ired for operations control,

_is ..ancf_[cturin- Plan is base,a simon procurement by +&_e Datum

[boster 2ranch of detailed parts, such as st_ac%ural, electrical

a_l mechanical and propulsion co:w,onents, prLmaril_ From. the

i.×_eLnc a_ Wichita Facility a_,_d Seattle Facility, Ln =ad_.om to

other ind _str-y. Fabricated parts will _rrive at the ichoud

F_cilitF complete_< finished except for weldin C, trim stock, _nd

mechanical fasteniz_£ holes, :ichoud _.nufacture will be restric:;e:_

to hard.are of size and confi;-urat_on _ic.h precludes _-÷ .-i.....
fabri cation.

?_li:_bility ,_.II be derived from proper lesions, ._anufact'_re, an:!

inspection operations. .qeli_bility in 7:nnuf%cturlnc is a Fri<e

consileration of this :mnufact'_rin_7 Pl:_n, an! this facet will be

_plemented d'_rin_] all s_qfes of destj_ anti f_bric_tion of co-_-

ponents and at all levels of assem]ol6' %n{! testinc.

industry provides various conponents for the _tatc, an:_ the

BoeLntl Cow,pars, facilities and or_ani_ation_ at Seattle _nd Wichita

are fully utilized for assistance as required. The [oein[ _ capability

_.rillbe utilized in the manufacture, test and checkout of toolinc,

Stage hardware and [Tound support equipment. The kichoud Facility

_Till be primarilF used for tank welding, assembly, installation,

and checkout activity.

h_ the :_nufacturi_n£ Plan, the Saturn S-IC asss_.bly is iilustratea

in Fi:care l-1. The fir_l asse_ubly plan details ho_ the Staje is

asse2_bled vertically fron the five m_jor assemblies. =_ch of the

U_ 4_1 4O00
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I.C

five _jor asse>&lies, Tbxust Structure, Fuel Tank, hltertank
Stmmtar_, Forward _klrt and Fin a_ Fairing assemblies are

described from devil to final asse_;_lj _.

bub-as_blj _, as_fulF, i_staliation a_ testing are performed

at the f:ichoud Facility. l_:e TILru_t Structure, Fuel Tanks,

Intcrt_mk Structures. LCX Tar_k ar_ Forward Skirt Structure

are assembled at this facility. These sections are assembled

_ a vertical position, working up from the Thrust Structure,

_,.icn _s located on feL_r pylons Ln the vertical assemb]_y tower.
_-. Fuel Tank is oriented above the Thrust Structure, followed

by the Intert_nk Structure, the LOX Tank, a_ finally, the

Fo_anl Skirt. 'lhe ass_bied Stage is removed from the vertical

position _:_ lowered to a horizontal position. _erous items

of airborne equipment are installed during the major assembly

operations a_ £n the vertical position. After lay-down, the

r_ini;<_ ite_,_ o3 _ _p_nt are installed, and the wiring and

p]u;:hi:_j cor_plet_d.

......__ er,j}_n__.bu_._d,,_,__ - re_lu'Sre;ito _repare the _uglr_s for in-

_.,__........_i-_o_ i_ ac_o:_pli_h_ ,:onccrrently with Stage assembly. The

e,:gine_ are.._talled while the Stage is in the horizontal

pc.,_:%5<)_. Fi_,_ aml F_iring_ are also assembled concurrently and

are .-.hipped with th._:Stage ratl'ma" than Lustalled at Michoud, GSE

is also z_,.n_._'fact',-r_durh:g this period and made available for both

',!Ichoud testing and the pro_-a_ at the Xississlppl Test Operations

a,d A_Za_tic i<_sile Range. A f',ll scale mock-up is utilized to

leve!op, "_'_,_ _-,_ ._,_.h_. _',-_s_ich ensures minimum difficulty

FoIIowL_ co:_det_,<_n of horizontal i_stallati_n, the Stage is

move', to the test posit_ou for final Stage checkout and a complete,

_;_ulate: prestatlc test fh'ing. Upon completion of the simulated

static fi_a_g, the 5_age is transported to the static firing site.

After s*_utlc f_r_nL, the Stage is returned to the Michoud Plant

_ere it is ref_rbished and the physical _,_ating with the upper stage

ga_.'eis co_g_ie_<. The weight determination is then accomplished

and the ce;:Ler of gravity located; the final stage checkout is

co_qct_./ w±tL a ccmiAete simulated launch sequence. The Stage is

now re_,d$, for preparation for shipment to the launch site _&ere

_e shrot_!s, fins a_ eng_l_e skirts are installed.

_T.:eTooling P]an defLnes the toolh_g policy and tool design tech-

>blues to be followed in the m_nufacture and assembly of the Saturn

a__t_-cna_,.;e_o_!xty and replaceability requirm_ents are

defL_, ]iating the _:own I_rta a__i assemblies which require this

cla:,:.-;i._'_c,_}ionto ensure assembly coordination. Each major assembly,

M: v_.ra]le:, with _d_e _L_:_ufacturing olan, is covered with illustrations

9-



1.0 (Continued)

of the tooling required from detail parts through final assembly.

Optical alignment methods are used in many of the tools and some

tool illustrations shov the concept of this approach.

The Inplant test and checkout plan covers the co_lete range of
Inplant test from prestatic test (which includes ground power

and booster network check), telemetry calibration tests, the

mechanical system pressure and functional tests, and proceeds
to the final stage of level one checkout. This checkout includes

a complete simulated static firing and launch of the Stage.

During this period of testing, complete telemetry measuring

calibration is performed. The test plan also includes a low level

test of all components nlcessary to control the quantity of both

Stage hardkmre and ground support equipment. D_ring the refurbish-

_t cycle after static firing, a post-static series of tests will

be perfor_ which includes final _i@ht and center of gravity

determination, physical mating with upper stage range, and a

simulated launch and flight.

Ull _ll 4@@@
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1.1.2

XA2]UFACTD_ING ORGA/KZATION

OrL_anization S_ructure a n.d Charts

The Operations Department is co_uposod of four basic organizations:

._hnufacturinc, Inplant Test, !_-teriel, and Operations Planning and

Control. _nufacturing an8 Inplant Test are the major functional

organizations of the Operations Department. l_teriel and Ooerations

Plannin an8 Control, composed of in_lirect manpower, are _up_ort

organizmtions. (See Fi_]ures 1-2 through 1-6 depictin_ or _anizational

charts. )

V_mdor Policy mud Interface

9_: _mtcrials, standard eom!:one.,,A:;anA certain sgeci,_1 /artn and

sub-assemblies are obtained fro_ colmnercSa! sourccz by !_u_chasc

orders and subcontracts. Authority to purchase such n,_terials or

ite_.s i._ tran,*_.',ittedto the [[ateriel orcanization by :_Ic_ns cf _ Fr_-

duction ..elcase Authorization, 9r_],ared bj the ].anufacturi."<

O:" anization.

i':*_c:,o_Irce _,_;_._'_i*_><it :c o_._rct;ascorder or :nll)eont,r%ct is selecte, l on

an objecti.'e ba_*;isb$ }_toricl acco:zi_ii_hea this accordrmce _,_ti,.

do_aiied manc,h and Di,ision _n-itten procedures, c_ s_m_uarj of wi_ic.

is contained in Doc_a_ent DS-IIOOI-!, '_Procurc**{_entSystens". Pail

con_i_Jeration on each }a-ocurenent is iron to the a}ility of ,*-o-

:_Dcctive suplllers to neet specifications and delivery sched'_cn,

_ssure quality control and provide necessary data to suyport *_inecri_

and Reliability require.*aents.

l:_tcrfaces _ et_:ecn _)oein; and it, sui_pliers nnd _otential su!_ [itn'-.

arc the res_nsibilitv of the _:_,eriel or,_taniz_tion, l,]ateriei

esCaLlishes supplier rcl_ortin[! requirements and follo_s up as

ncces_arj with inouir!ea and visit_i to the plants of _afD!iers, ua].l_n_

u,_n t!_c other def_rtm_ntc, for ',echnical suF[_ort. Survoys and

tec_mical re_ie'._s arc conducted to }_cl_ assure _atisfactor 3, subcontr,_c_

frocra_ !)rogress.

A_ _ dFJA_'_ ].o. D5-12561
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_TA _E DECSRIFTIC<

: _ _.._ 2oo_ter Stage _ _ __-A_ is of a cylindrical tander, tank

ccnficar_tion and is capable of producing 7.5 _illion pounds of

thrust at ,_ea level. The Saturn C-J _ooster Sta_:e 5-IC is shown

in F_r,_ I-i. _c oooster Stage S-IC is based or, Propulsion and

Vehicle kn_neering Division, _'-_FC, drawing number SKIC-3@8_E,

"Asse_bly Layout, Saturn C-5, S-IC Stage '_, dated October 2_, 1962.

The noozter Stage S-IC is equipped wit/_ individual propellant tar/_s,

the Oxidizer Ta_ Asss,;bly being located above the Fuel Tank Asse_.::!U,

=nd is p.owere_ t:_ _ cluster of five F-I en_ine_.

Z_e [5oos%er 3ta;.e o-IC is approxi._:ately 13f feet long, 33 feet in

dia:_eter (excludin: f__), and _eight approximately five millior:

_o .n_ _t liftoff. The Booster 5t_-_ge5-1C _.._composed of the

followlnj r.ajor components :

•) Fore.::'] Skirt ._::_,sembly

'a) I:,tert'_nk 5tr_cture Assembly

c) _r,..,:_tStructure Assenbly

d) 7::,._eFeat _hield

e) E_:-ine F,._irin:c

f_ Fi:, ,, _er<lie:

' ":el ],nk :_,e_d)l.'

h) C_:it:zer T{mk i<_,{e:::_ly

i) ?_"cp:i"ion 5ysten _nd Accessories

i) in.,t:m-entation and .:lectrical _etvcrk

k) Aet:o-rockets

I ) ,,dditi onal _, iu irements

"_ho i:oo._ter Stage o-iC structrre is of se:::i-no.noce_ue str:ct.,re !_'i[a.

" _ener_,ll.y utilizes alu_inu_ _lloy 2219-T :_ a:.d vOc_-T: _,._t._.r:,-

•_ell_nt container_ ._re of cyl_drical fusion _elded ccr,=_, .ction ,:i['

the LCX Tank _6emb_z located above the Fuel Tank Asse_:t_-. Lateri'_i

for the 'Du_k =,._o:.._lesis 2719-T_7 _luminuz alloy plate, idle c_qi_a-

_ric_l :_.._ctionsof t_e Tank Ass<=.Llies are nu<erical_ _ ::il!ed into

_ seri-monocoque struct_:re to reduce wei_ht and pro_He ::;tr_ct:_r_l

i_,tecrity. Circ '_ferential inte_]al rinc_, r,anufactured fro:: !:.'..,c

, ._ :..... , _re added to provide _ rigidity _.%ere reqiired

_'<:x "_7............use elliptical cross section bulkheads at " ot], en [:.

A ,ti-s]or_h ba_les are installed _._,both tank _oem[,lle_. -r,e

Forward Skirt As_;emh]4._ cylindrical ..kin ::.ectlons are of_C75-T '',

i'_tern]!ly wi+/n cha_unel rln@s. The ?nra:_t structure ;_ser_% I[" cor-

=_i_.- of 7075- _< aluminum alloy cylim}ric,_l skin ;_ ....19co with

temn<{] r]r,7 assemblies and support :,tructure. '!_,e_nterta_,k 3tm_ct::r,

Assembly is cc_posed of ccrrug_ted aluminum _IIo',,._0 _•-I _ _,ir,, panel•

_!th five rin.c ass_:blies added inter_.ally for .;tiffnec .... echanlc&l

attachments <_.reused in securing the _rust Stm_cture Assemb]j_,

Intert._nk Stracture Assenbly, _n,'.Forw,rd 3kh't As_embl.v to t_',_ l.CX
:,hi Fuel Tank Assemblies.

00.8"*_,_W, 0 _"_" , D5-12561 9-



THRUST STRUCTURE

Section 2.2

FUEL TANK

Sectlm 2.3

LOX TANK

Section 2.5

FO_A RD S_IRT

Sectic_ 2.6

@(_ ASS_Y

Section 2.8

Figure 2-1 S-IC STAGE FINAL ASSEMHLY
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2.1 (Continued)

The four outer F-I Engines are mounted circumferentla_ on a
diameter of 365 inches. Each of the five engines is fed by a

separate LOX duct, which rur_ through a tunnel in the Fuel Tank

Assembly. Each engine also requires two fuel inlets _hich are

fed by two fuel suction lines connected to the bottom of +.he Fuel

Tank Assembly. The Fuel Tank Assembly is pressurized with helium.

The LOX Tank Assembly is pressurized with GOX.

The ooster Stage S-IC is controlled by gimballing the four out-

board engines a maximum of plus or minus five degrees in both the
pitch and yaw planes. Aerodynamic fins are installed to provide

stability and assure positive control of the vehicle.

i_nufacturing operations fo_ the Booster Stage S-IC begin at I_FC
with the fabrication of gro_nud test stages and the first flight

vehicle. Included in the effort are fabrication and assembly of

the Fuel Tank Assembler bulkhead structural test. static firing
stage S-1C-T, structural test component. _mic test stage S-1C-D.

and flight vehicle S-1C-I. ;_anufacturing operations at _Lichoud

hnclade the systems checkout stage S-1C-F and flight vehicles

5-IC-2 and subsequent. ;_nufacturing operations start at I,_FC

with the fabrication and assembly of the Fuel Tank Assembly bulk-

head structural test unit and static firing stage S-1C-T. The
S-1C-F vehicle is the first scheduled to be fabricated at >_ch@ud.

U]I 42_t 400O
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2.2 THRUST STRUCTb_d_ A_SS_LY

2.2.1

2.2.1.1

2.2.2

The Thrust Structure assembly is 33-feet in diameter, exclusive

of fins and engine fairing, and approximately 20 feet tall. The

Thrust Structure is a mechanically fastened assembly designed

to absorb the thrust of the five rocket engines and to distri-

bute the loads throughout the entire Thrust Structure and into

the Fuel Tank structure. The thrust section is constructed

basically of 7000 series aluminum alloy plate, forgings, ex-

trusions and rolled shapes. The major components are Lower

Thrust Ring Assembly, Center Engine Support Assembly, Hold-

down Posts, Engine Thrust Posts, Upper Thrust Ring Assembly,

Intermediate Rings, and Skin Panel Assemblies. (See Figure

2-2)

Skin Panel Assemblies - Aft Adapter

The skin panel assemblies for the aft adapter consist of the

forward 65.7 inches of a cylindrical skin panel, reinforced

by hat shaped stiffeners. The aft adapter, when assembled,

represents the forward end of the Thrust Structure to which

the Test Fuel Tank will be joined on the S-IC-C unit. The

skin panel assemblies are assembled in a wooden holding fix-

tu_'e, using mylar overlays to locate the hat sections. There

are (8) eight right hand and (8) left hand skin panel assem-

blies for the aft adapter.

Sequence of Assembly

a) Load the skin panel, forward edge down.

b) Apply mylar overlay to the outside of the panel;

position in relation to outside profile of panel.

c) Load stringers, locate per mylar overlay and clamp

in place.

d) Drill and ream stiffeners and panels from pilots in

stiffeners.

e) Temporarily identify stringers and remove.

f) Deburr all holes and reposition stiffeners.

g) Install fasteners.

h) [mill locating holes for alignment blocks.

i) Bolt alignment block and position using gage.

j) Drill remaining holes through alignment block.

k) install remaining bolts.

I) Identify part number of assembly.

Lower Thrust Ring Assembly

The lower thrust ring assembly is a 33-foot diameter by

i_O-Inch cross-sectlon ring consisting of two tees, a web

plate, radial stiffeners, miscellaneous doublers, and

splice hardware. The tees, inner and outer caps, are I0

by l-l/8 by 7 by 5/8 inches (cross section). The web plate

B B _rJNB 9-



.7.2.2 (Cont i nued )

.:". 2.2.1

::: 2. "_ 2

2..°.2,2,i

is nominally 3/8-inch thick and is stiffened by zee-cross-

section radial stiffeners. The inner and outer caps are

stretched-foxed and machined extrusions; four segments are

required to manufacture each complete inner and outer lower

ring cap. The web plate is fabricated in eight (_) segments.

The complete lower thrust ring assembly weighs approximately

6700 pounds.

Assembly Sequence

(See figure 2-3) The lower thrust ring is assembled in the

upper and lower thrust ring assembly fixture•

a) Load lower tee cap splice angles.

b) Load inboard and outboard thrust ring tee caps using

tee cap handling fixture. (See figure 2-4)

c) Load lower t.hrus{ mng web assemblies.

d) Loa:_ web silice plate, upper tee cap splice angles

and tee cap splice plates.

e) Drill all fas*_e_er hole>, full s/_e e_cept holes

ce_c_ to ,_,_t,er te_ cap _[]ice_ Dr_ll holes common

t¢ spllce 3/_-ir_!_ _me!er,

f) _nstall f_ste_er_.

g) LTill heat shield attach clip locations full si e.

h) Dr%].! (4) .500 diag_eter tn_oli_g holes.

i) Remove lower thrust ring a_sembly from assemb!F

fixture using thrust ring ase<mbly handling fixture.

(See figure 2-5)

Web :_ssembl_ _ Lower Rink Fin Position

The lower fin position assembly consists of a web, doubler and
stiffeners.

Assembly Seque,nce

(Sme figure 2-6) The web assembly is assembled in web assembly

lower ring fi_._position assembly fixture.

a) Use the web assembly _'ar_dling tool to load web into

tool. (See figure 2-7)

b) Drill (2) ¼-inch diameter tooling holes.

c) Load the doubler and stiffeners and locate.

d) Drill all fastener holes common to web, stiffeners

and doubler. Omit all fastener locations common to

inboard and outboard thrust ring tee caps.

e) install fasteners.

f) Remove assembly from ÷ooi using web assembly handling

tool. (See figure 2o_)
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Tee Cap

H_dling Fixture
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Web Assembly
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2.2.3

2.2.3,_

2.2.4

2.2.Z_,'

Web Assembly Lower Thrust Ring Holddown Position

The lower holddown position assembly consists of a web,

doubler and stiffener.

AssemblF Sequence

(See Figure 2-6) The web assembly is assembled in the web

assembly lower ring holddown position assembly fixture.

a) Use web assembly handling tool to load web into

the assembly fixture, (See Figure 2-7)

b) Drill (2) ¼-inch diameter tooling holes.

c) Load the doubler and stiffeners.

d) Drill all fastener holes common to web, stiffeners

and doubler. Omit all fastener locations common

to the inboard and outboard thrust ring tee caps.

e) Install fasteners,

f) Remove assembly from tool using web assembly handling

tool. (See Figure 2-7)

Center Engine Support Assembl_,

(See Fig,_re 2-.8) The center engine support assembly consists

of four stiffened web assemblies at positions I, II, [Ii and

IV. The four assemblies are attached, at their intersection,

to the center engine thrust post. The structure is then

capp_.l with ti_e upper and lower caps. The completed center

engine support assembly attache5 to the holddown post. and

to the lower thrust ring assembly at final assembly of the

Thrust Struct ;_'e A_se_bly.

Center Engir_e,Suppor_ A_sezoi X Sequence

(See Figure 2-5) Assem[i_ center engine support assembly

in center e_gine support structure assembly fixture as

follows: (See Figure 2-9)

a) Position and clamp center engine support fitting

in center engine support structure assembly fixture.

Use holst tool (See Figure 2-11) to handle f_ttings.

b) Position and clamp bottom lower chord splice in

assembly fixture. (See Figure 2-10)

c) Position and clamp lower chords and filler £n

assembly fixture. Use hoist tool (See Figure

2-12) to handle chords.

d) Position and clamp top lower chord splice in

assembly fixture_ Apply drill plate, drill, ream

parts and install fasteners.

U_I 4211 4000
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Figure 2-10 C_TER ENGINE SUPPORT ASS_Y FIXTURE
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2.2,_..1

2.2.4.2

2.2.4.2.1

(Continued )

s) Position and, clamp center engine thrust in
(Seep°stassembly fixture. Use hoist tool. FiEare 2-13)

f) Position personnel platforms. (See Figure 2-I_)

g) Position and clamp shear web assemblies in assembly

fixture. Use hoist tool. (See Figure 2-12)
h) Position and clamp upper beam chords in assembly

fixture. Use hoist tool. (See Figure 2-16)
i) Drill, ream, and install hardware to fasten center

engine support fitting bottom lower chord splice,
lower ehord, filler, and top lower splice.

J) Position and clamp shear web splice plates, gussets,

and fillers; drill, ream, and install hardware to

attach shear web assemblies to upper and lower beam

chords and center engine thrust post.
k) Position and clamp miscellaneous fittings at upper

chords and center engine thrust post; drill, ream, and
install hardware.

l) Use hoisting tool (See Figure 2-16) to unload center

engine assembly fixture.

Center En_ne Shear Web Assembl_..@@..PositionI, I.!,III _md IV.

(See Figtre 2-17) The center engine shear web assembly consists

of a web approximately 3/8-inch thick by 78-inches high by

175-inches long with eleven vertical stiffeners and f_ve short
horizontal stiffeners at the outboard end. Four web assemblies

are required to build center engine shear web assembly.

Assembly Sequence

Position I and II are assembled in the same assembly fixture.

(See Figure 2-18) Personnel platforms (See Figure 2-19) and

hoisting tool (See Figure 2-15) are required to support this
assembly.

Load stiffeners, web, and doublers in assembly fixture and
clamp in place. Drill holes and install fasteners.

Locate and index five horizontal stiffeners into locating

drill Jig. (See Figure 2-20) Index the LDJ to the web

assembly, clamp, drill holes and install fasteners.

Assembly procedures for position III and IV are the same as

above. Position III and IV are assembled in the same assembly

fixture. (See Figure 2-18)

Ul 4211 4OOO
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2.2.6

2.2.6.1

2.2.7

Holddown Posts

(See Figure 2-21) The holddown post is a one-piece for_ng i_i

feet tall and approximately II i_hes _l'aa_ at the base, r_t

including the flange at the faylng s_face, and tapering down

to a much s_a_er section at the _r th_st ring assembly.

There are four holddown posts, one _cated on each position

line between the upper and lower th._Ist rings.

The bolddown post is numerical_ machined to its final eon-

fi_ratlon from a closed diameter for_ng. After machining,

the holddown post is ready for installation, using hoisting

tool (See Figure 2-21) in final assembly fixture for thrust

struct ure.

Auxiliary Shear Webs

(See Figure 2-22) The web assemblies consist of a web with "Z"

stiffeners and two caps. The web is approximately 27 inches wide

and 80 inches long and the two caps are 13 feet long. Four

auxiliary shear panels are required, one for each position I,

If, iil, and IV, which are attached to each holddo%_ post.

bridging the span between the upper rin_ and the center engine

support assembly.

Assembly Sequence

Auxiliary shear panels position [ _nd £f are assembled in bench

type assembly fixture. (See Figure 2-23)

a) Position and clamp all stiffeners.

b) Position and clamp lower cap.

c) Position and align web in proper position.

d) Position and clamp upper cap.

e) Locate and clamp drill plate.

f) Drill all holes.

g) Remove drill plate.

h) Install all fasteners required.

Auxiliary Shear Panels position [[ and IV are assembled in

another bench t_e _ssemb_y fixture. (See Figure 2-23)

(Note: Assembly Sequence same as above.)

Outboard Thrust Post Assembly

(See Figure 2-2_) The outboard thrust post is a built, up,

tapered, box-type structure, 14 feet tall and approximately

14-inches by 22-inches at the forward end and 36-inches by

39-inches at the aft end common with the lower thrust ring

attach surface. The outboard thrust post consists of two

u] _IT
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2.2.?.1

2.2.8

_0 four b-_]_eeda, t.o side _O_te=, tm _ t4_,
one lowmr r4_ attach fitting, and ed_ht Inte_mKkiate ring
attach tees, all Joined with _ fa_. Details m

maehined f_om AL 707_-T6. Zhere are four _st posts per
thrJ_t _ assembly, ene loeated at each of the fin
posltions.

_uthea_ _t Poet Aasmb_v, Seo_

_he outboard thrust post is assembled in an outhoard thrust

post assembly_. (See FigureZ-2_) the aasemhlel
thrust post as_ is located in a _ fixture, (See

2-26) to _ the aft end of the eeapZeted ta_jt
poet to ensure a smooth mating surfaee with the lever rlr_,

An e_Ineerlng taleranee of 0.005 TIR has been given for

this surfaee after milling. Use holstlng tools for loeding

details and for ftaml assembly. (See Figure 2-27)

a) Eoed outboalxl ohannel, four b_ and ir_

ahannel in assemb_ fixture and using drill plates
provided with tool, drill all h,=les em=esn to these

detail parts full size and install fasteners.

b) Load two side plates and drill plates in assembly
fixture. Drill all holes oommm to both side plates
and channels full size and install fasteners.

c) Iz_ t_ shear ties and drill plates in assembly
fixtm_ and drill all holes commn to both shear
ties and channels full size. Install futenera.

d) Load eight intermediate ring attach tees and drill
plates in assemb_ fixture. Drill all holes ee_on
to these details full .size and install fasteners.

e) Remove outboard thrust post assembl_ from assembly

f) Load outboard thrust post assemt_ into
fixture and mill aft surfaoe oommn to the lower

thrust ring.

g) _move outboard thrust post assembl_ from milling
fixture.

h) Repeat operattone outlined in para_aph_ (a through _) for

the three remaining outboard thrust poet assemblies.
i) Use hoist tool to load thrust post into thrust

structure final asse=nbly fixture. (See Figure 2-28)

Utme r Thrust _ Assembly

_he upper thrust ring assembly is a 3_-foot fiameter, 30-1nch

wide ring eensistlng of t_ tees, a web plate, radial
stiffeners, miscellaneous doublers, and splice _e.

u) _tlI 4o@@
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2.2.8 (Continued)

2.2.8.1

2.2.8.2

2.2.8.2.1

A

to the space

and outer caps are ?-inches by

inch, The web plate is nominally

by angular-cross-section radial

caps are formed and

inner

1/2-
and is stiffened

inner and outer

merits are required to manufacture each complete inner and outer
upper ring cap. The web plate is fabricated from 12 segments,

including four access panels. The complete upper thrust ring

assembly welghs approximately 2,700 pounds.

Assembly Sequence

(See Figure 2-3) The upper thrust ring assembly is assembled

in upper and lower thrust ring assembly fixture.

a) Load lower tee cap splice angles.

b) Load upper thrust ring web assemblies and access panel
assemblies.

c) Load inboard and outboard thrust ring tee caps using

tee cap handling fixture. (See Figure 2-4)

d) Load web splice plates, upper tee cap splices, tee

cap splice plates.

e) Apply drill plates and drill all fastener holes full

size except holes common to outer tee cap splice.

Drill holes common to splice I/4-inch diameter.
f) Install fasteners.

g) Drill (4) .500 diameter tooling holes using locator

_Ashings provided.

h) Remove upper thrust ring assembly from assembly, fix-

ture using thrust ring assemblies handling fixture.

(See Figure Z.5)

Web Assemb_ Upper RinEF!nPositio n

The upper fin position assembly consists of a web and (13)

stiffeners. This assembly is used four places on each ring

assembly.

Assembly Sequent9

The web assembly is assembled in web assembly upper ring fin

position assembly fixture. (See Figure 2-6)

a) Use web assembly handling tool to load web into tool.

(See Figure 2-?)

b) Drill (2) i/4-1nc_ diameter tooling holes.

m mJJvm, l.= os.  z
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2.2.8.2.1 (Continued)

c) Install stiffeners and locate.

d) Drill all fastener holes common to web and stiffeners.

e) Omit all fastener locations common to inboard and

outboard thrust ring tee caps.

f) Install fasteners.

g) Remove assembly from tool using web assembly handlir_

tool. (See Figure 2-7)

2.2.8.3 Web Assembly UDDer RinK, Hold Down Positio n

The upper holddown position assembly consists of a web and

(13) stiffeners. The assembly is used four places on each

ring assembly.

2.2.8.3.1 Asssmhly Sequence

The web assembly is assembled in web assembly upper ring hold-

down position assembly fixture. (See Figure 2-6)

a) [I_ web assembly hansling tool to load _b into

tool. (_ee Figure 2-7)

b) Drill (2) I/4-inch diameter tooling holes.

c) Install stiffeners. Omit all fastener locations

common to inboard and outboard thrust ring tee caps.

d) Install fasteners.

e) Remove assembly from tool using web assembly handling

tool.

2.2.8.4 Access Panel Asgembl_ U_per Rink Position

The access panel assembly upper ring assembly consists of a

panel, a stiffener and (2) splice webs.

2.2.8.4.1 Assembly Sequence

(See Figure 2-29) The access panel assembly Ls assembled in

assemb_ fixture panel assembly access, upper ring.

a) Load panel into tool.

b) Drill (2) i/4-inch diameter tool holes.

c) Install stiffener and splice webs.

d) Drill all fastener holes common to panel, stiffener

and splice webs. Omit all fastener locations common

to inboard and outboard thrust ring tee caps.

e) Install fasteners.

f) Remove assembly from tool.

2.2.9 Intermediate RinKs

(See Figure 2-30) There are (4) intermediate ring assemblies

located at the following Stations: 152.5, 18_.0, 216.0 and 248.0.

U3 a11
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( COnt inue_ )

Each of these four assemblies contains (8) se@ments _eh are

ma nuflactured indlvidually.

ihe ends cf the ring segments tie into the holddown post and

thrust post. The intermediate ring segments are made up of

the following: an outer cap, an inner cap, a Web, doublers
and stiffeners.

Assemblb Sequence for [_}termediate Ring Se_ents

The following assembl_ seque_ce applies to the (4) fo_

assembly fixtures. (See Figure ?-_I)

_) Check iocatio_ of st!flfener locating angles at

centerl_r,e .. assembly fixture and end stop fittings

for caps for proper location for assembly.

b) Load, position _nJ cl_ all stiffeners.

c) DJad :_nd ;_:tion bublers.

,l) Load and al}gn web in proper position.

e) Logd, position and cl_mp inner cap.

f) Load, position and clamp outer cap.

g) Locate and clamp drill plate assembly.

h) Drill all holes full size using Winslow Spacematic.

i) Remove driil plate assembly.

J) Re-align and clamp web.

k) Install all bolts in proper locations.

i) Remove assembly from assemb]4J fixture andpl_ce on

bench using hoisting tool. (See Fig'u're-'_32%_-) .

m) Install all rivets at proper locations, complete Fer

englneering drawing.

intercustal Assembl_

(See Figure 2-33) The intercostal assemblies are web-type

a_semblies approximately ]9-inches by 32-inches, consisting of

a web, cap, chord, and (3) stiffeners. There are a total of
(32) intercostals in the thrust structure, of which (16) are

in_talled between the intermediate rings at Station i52.5 and

$¢at%on i,8_ and (16) between the intermediate rings _t Station

216 and Station 248. Two each of the above intercostal

assemblies, Station 152.5, Station 184, and Station 216,

Station 248 are spaced between each holddowu post and each

thrust post.

Intercostal Assembl_ Sequence

(See Figure 2-34) Assemble intercostal assembly in proper

assembly fixture (loading sequence same for each fixture).
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2.2.10.!

2.2.11.1

i+

(Continued)

a) Load assembly fixture with stiffeners and cap,

b) Load web and chord and apply drill +_late and dri_
all holes.

c) Install fasteners.

d) Remove completed assembly.

Skin P_ As_Aes

The skin panel assemblies are segments of the Thrust Structure

skin; sixteen skin panel assemblies vertically spllced _-

gether form the complete skin. A skinpanel assemhl_ is

comprised of a cylindrical skin panel reinforc_by recital

double "T" and/or hat-shaped stiffeners, Major openings or

cutouts are reinforced by doublers. The cylindrical skin

panels are machined plates, varying in thickness from .210-inch

at the forward end up to .680-inch at the aft end. Each skin

panel assembly weighs approximately 1,000 pour_s. (See

Figures 2-35 and 2-36) .

SeQuence of Assembly

Assemble holddown position skin panel assemblies, whi_ do not

contain umbilical openings, as follows:

a) Load the hat-sectlon stringers in the assembly fixture.

b) Using the hoisting tool, load the skin panel (with
douOler tmnporarily attached where applicable) in

the assembly fixture.
c) Install the removable contour headers of the tool,

locate parts and clamp in place. (See Figure 2-36)

d) Load tapered fillers in joggled areas, -where appli-
cable.

e) Drill fastener holes and install fasteners.

f) Drill holes for indexing the Y-ring plates.

g) Install alignment fixtum@s and seal.
h) Drill "K" holes for trim fixture router guides.

i) Attach hoisting tool and strongbacks. (See Figuz_s

j) Remove assembly from the assembly fixture.
k) Load assembly onto the trim fixture table. (See

Figure 2-39)

i) Apple router guides and bolt to skin panel assembly.
m) Net trim aft end and sides of panel.

n) Remove router guides.
o) Install holding fixture special bolts in tool holes

in the skin panel. (See Figure 2-40)

p) Remove assembly from the trim fixture.

q) Load assembly into the holding fixture.
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2.2.11.1 (Continued)

r) Drill "K" holea for trim fixture router guides

out to full size and install fasteners.

s) Remove strongbacks. Drill attach holes to full
size and install fasteners.

t) Using hoisting tool, transfer skin panel assembly

from holding fixture to storage and shipping rack.
(See 2-#I)

u) Remove special bolts from tool holes in skin panel.

2.2.11.2 Holddown Posit$on Skin Pan_l Assemblies Which Have Umbilical

0penin_s are As_le d as Follows:

a) Load the hat section and double tee stringers in the
assembly fixture.

b) Using the hoisting tool, load the skin panel with the

doubler temporarily attached in the assembly fixture.

c) Install the removable contour headers of the tool,

locate the parts and clamp in place. (See Figure

2-)6)
d) Load tapered fillers in joggled areas.

e) Drill fastener holes and install fasteners.

f) Drill holes for indexing the Y-ring drill plate.

g) Install alignment fixtures and seal.
h) Drill "K" holes for trim fixture router guides.

i) Hand locate fillers at upper and lower edge of

umbilical opening. Drill and tack rivet in place.
J) Attach hoisting tool and strongbacks. (See Figures

2-37 and 2-38)

k) Remove assembly from the assembly fixture.

I) Load assembly onto the trim fixture table. (See

Figure 2-39)

m) Apply router guides and bolt to skin panel assembly.
n) Net trim aft end and sides o_ panel.

o) Remove router guides.

p) Install holding fixture special bolts in tool holes

in the skin panel. (See Figure 2-4_)

q) Remove assembly from the trim fixture.

r) Load assembly into the holding fixture.

s) Drill "K" holes for trim fixture router T_ides to
full size and install fasteners.

t) Apply drill plate and drill attach hole pattern for

umbilical plate.
u) Install fasteners around umbilical opening.

v) Remove strongbacks. Drill attach holes to full
size and install fasteners.

U_l 41glt I

ii i i i

I "OS-l_  l
N_O.

PAel ..........
2-5 

9.



_.2. ll. 3

_.2.12

(Continued)

w) Using hoisting tool, transfer skin panel assembly

from holding fixture to storage and shipping rack.

x) Remove special bolts from tool holes in skin panel.

Assemble Fin Position Skin Panel Assemblies as Follows:

a) Load the hat-section stringers in the assembly

fixture.

b) Using the hoisting tool, load the skin panel with

the doubler temporarily attached in the assembly

fixture.

c) Install the removable contour headers of the tool,

locate parts and clamp in place. (See Figure 2-36)

d) Load tapered fillers in joggled areas.

e) Drill fastener holes and install fasteners.

f) Drill holes for indexing the Y-ring plates.

g) install alignment fixtures and seal.

h) Drill "K" holes for trim fixture router guides.

i) Attach hoisting %,ool and strongbacks, (See Figures

2-37 and 2-38)

j) Remove assembly from the assembly fixture.

k) Load assembly onto the trim fixture table. (See

Figure 2-39)

I) Apply router guides and bolt to skin panel assembly.

m) Net trim aft end and sides of panel.

n) Remove router guides.

o) Install holding fixture special bolts in tool hole_

in the skin panel. (See Figure 2-40)

p) Remove assembly from the trim fixture.

q) Load assembly into the holding fixture.

r) Drill "K" holes for trim fixture router guides to

full site and install fasteners.

s) Remove strongbacks. Drill attach holes tG full
size and install fasteners.

t) Using hoisting tool, transfer skin panel assembl'/

from holding fixture to storage and shipping rack.

(See Figure 2-41)

u) Remove special bolts from tool holes _n skin panel.

Intermediate Ring at Station 315.0

(See Figure 2-42) At station 315.0 there is a stiffener"

ring of "J" cross section fabricated in eight segnnent_

which is spliced together in the thrust structure final

assembly tool. The ring segments are handled k_ a hoistl:c

tool. (See Figure 2-42)

The final installation sequence is not. defined a' this t.ime.
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2.2.13.i

2.2.i3.2

Actuator Support Assemb!_y

The actuator support structure consists of two (2) welded
assemblies as follows :

The actuator support structure assembly consists of

a 2.50-inch diameter tube, an apex fitting and an

end fitting.

Actuator support assembly, F-I engine, conslstinK

of a 5.0-inch diameter tube with an end fitting add

a 7.0-1nch diameter tube with a terminal fitting

joined to a common apex fitting. Bushings will be

installed in apex fitting.

Ass_blySequence

The actuator support structure assembly is welded in a

preeisionweld lathe using head and tail stock mounted

weld fixtures as shown in Figure 2-43.

Load 2.50-inch diameter tube apex fitting and a 2.50-
inch diameter tube in weld fixture and weld.

Load 2.50-inch diameter tube end fitting in weld fixture

and weld.

Assembly_uence

Actuator support F-I Engine is welded in a precision weld

lathe _sing head and tail stock mounted weld fixtures as

shown in Figure 2-43.

Load 7.0-inch diameter tube end fitting and 7,0-inch

diameter tube in weld fixture and weld.

Load apex fitting and 5.0-inch diameter tube in weld

fixture and weld.

Load 5.0-inch diameter tube end fitting in weld fixture

and weld. (See Figure 2-43)

Reposition welded 5.0-inch diameter tube and reFosition

apex fitting in clamp-locater.

Load 7.0-inch diameter tube in weld fixture and weld.

I 4U111 4000
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2.2._3.2 (Continued)

2.2.14

2.2.15

Anodize and prime.

Install bushings and line ream.

(Ream fixture design not available at this time.)

Propellant LineSUpports

Propellant line supports consist of (5) box beam structures.

Four (outboard) are rectangular shaded and located axially

approximately as shown in Figure 2-_9. The top of the outboard

beam structure is located at approximately Station 183 and the

bottom at approximately Station 167. All four outboard box

beam structures are supported by struts attached to the thrust

posts. (See Figure 2_)) The fifth propellant llne support

(inboard) is a trapezo_aal shaped structure located axiall.v,

approximatel_ as shown in Figure 2-45. The top of the in-

board support is located at approximately Station 155 and the

bottom is located at approximately Station 130. The inboard

support will be supported by tying into the center engine

support beams. (See Figure 2-_7)

It is anticipated there will be two major assembly jigs (one
for the outboard box beam structure and one for the inboard

box beam structure). A series of sub-asse6bly tools will be

required to assemble the components of the beams. Hoisting

tools will be required. Details pertaining to the tooling

for the propellant line supports are not available at this

time because engineering has not been released.

Thrust Structure - Final Assembl_

The thrust structure assembly is a cylindrical structure approxi-

mately 33-feet in diameter by 20-feet long having as its basic

plane the aft surface of the holddowuq post base fittings

(Station 111.000) and extending to Station 345.700, _ich re-

presents the forward edge of the skin panels. The following

details and sub-assemblies make up the thrust structure

assembly:

Hold down post base fittings.

Engine support fitting.

Lower thrust ring assembly.

Center engine support assembly.

Hold down post assembly.

Auxiliary shear web assembly.

J3 4t211 4000
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.?.J5.1

(Continued)

Thrust post assembly.

t_pper thrust ring assembly,

Intermediate ring segment _ssembl£es.

Intercostal assemblies.

_kin panel assemblies.

Intermediate ring details - Station 315.00.

Weld assembl.v, 5.0-inch to 7.0-inch diameter actuator

support°

Actuator support assemblj-, 2.50-inch diameter.

Retro-rocket support structure.

inboard propellant duct support assembly.

Outboard propellant duct support assemblies.

Base heat shield support structure assemb]_v.

Miscellaneous plumbing, hydraulic and electronic

equipment.

Loadin_ and Assemb]J Sequence

The thrust structure assembly is completed with the

following tools :

Assembly Fixturej thrust structure final assembl_v.

(See Figure 2-J_}

Holding Fixture, thrust structure-pick-up position.

_(Michoud use tool only. Not used at MSFC).

Personnel Platforms.

Drill jigs.

Hoisting and lifting devices and other production aids.

(Note: All items with the exception of item (*) in the

above listed £ools are MSFC tool design responsihiliti¢ and

are not completed as of this date.)

) _1211 40O0
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2,2.15.2 as Fo o m:

Load hold down post base fittlngs and engine support fittings

on Jack stands.

Position and secure drill plate common to hold down post base

fitting.

Load lower thrust ring positioning as called for by tool drawing

and using trunnion locators in tool holes.

Adjust intermediate ring supports.

Adjust position of hold down post base fitting and engine support
fittings to locate outboard face of fitting common to flange of

lower thrust ring.

Position center engine support assembly resting on lower thrust

ring (exact location determined later in assembly sequence).

Position hold down post and auxiliary shear web assembly in

approximate location and hold with pipe supports provided on
tool.

Position thrust post assemblies in approximate position and

support with pipe supports provided on tool.

Set towers of tool in position and adjust locators on towers.

Load upper thrust ring on locators on towers using trunnion

locators for "clocking" position.

(Note: While loading upper thrust ring guide hold down post

and thrust post assemblies to bring joggle inside upper ring cap. )

Position intermediate upper ring supports of tool and adjust.

Locate hold down posts, center engine support assembly and
angle fittings.

Drill, ream and install fasteners using drill plate provided.

Locate, drill, ream and fasten auxiliary panels and center

engine support using drill Jig.

Use tool£ng aids provided to bring outboard face of engine
fitting securely against inboard surface of thrust ring cap.

Pin locators on tool to Position thrust post and apply auxiliary

drill Jig provided to drill and ream holes common to engine
fittings; lower thrust ring and thrust post.

Um 4lall
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_.2.15.2 (Continued)

App]c¢ applicable auxiliary drill jig to drill fittings at top

of thrust post.

Load intermediate ring segment assemblies (Stations 152.5,

I_.000, 216.00 and 2_.00) using falring tool provided for

alignment and auxiliary drill jig.

Drill, ream and install fixtures on tool for positioning

intercostal assemblies using locating fixtures on tool for

positioning and auxiliary drill jig for drilling and reaming.

Install fasteners.

Position sizing ring tool on towers using %rannions for

clockwise indexing.

Install eight skin panel assemblies adjacent to thrust post or

fin positions using alignment blocks mounted on panel assem-

blies indexed to sizing ring.

Remove locating towers and install remaining eight skin panel

assemblies.

AppI3 auxiliar3 locat_,g drill jig to aid in installing skin

panel assemblies.

Load and install intermediate ring (Station 315.00) using

auxiliary drill jig to drill and ream. Install fasteners.

Using locators provided on tool and auxiliary drill jigs,

locate, drill and ream actuator support assemblies.

Load, locate and drill retro-rocket actuator supports.

Load, position and drill inboard propellant duct support

assembly.

Load, position and drill outboard propellant duct support

assemblies (four assemblies).

Locate, drill, ream and fasten all stage attach fittings.

*Install certain miscellaneous plumbing, electric and }_,draulic
lines. (Details to be determined at a later date.)

*Install base heat shield support structure. (Details to be

determined at a later date.)

_Install engine fairing attach fittings. (Details to be

determ_ined at a later date.)

u]l qlI 4@@@
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Z._q.15.2 (Continued)

Prepare and transport %0 final stage assembly where ma_or
portion of plumbing, electrical and hydraulic llrm will

be ins_lled. (Details to be determined at a lair date.)

_Tnese opera%ions completed after remoTing assembly to pic_
up position at Micho_d only.

U3 4aT_ 4OOO
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2 "7 FUEL TANK ASS]_BLY i__

us qll 4@oO

2.3.1

2.3.1.i

skin rlng ass_les each I0 feet h_, _ed at each end by
elllpsoidal bu_ead. _ti-Slosh Ring BaJ_s are located on the
inside wall of the tank and an Anti-Vortex CracaJorm Baffle is

located in the lower bulkhead area. Five_ %.nnel assemblies

extend from b,/khead to bulkhead, welded to the lower, and

mechanical_ attached to the upper. A po_Turethane foam exclu-
sion riser is included in the lower bulkhead. Varlmxs fittings

and plumbing installations complete the _eembly.
J

The bulkhead assemblies e_nsist of the mamh_ "Y" R_g, Gore

Assembly, Center Piece, and miscellanemAs bmeketry. (See F_ure
2-50)

_Y. a_.r_t_ _lkhead ___. (see I_, 2-51)

The "Y" PAng, delivered as a camplets item, is placed on the turn-

table and the bead assembly is lowered onto the "Y" _ and
aligned.

The head assembly is welded to the "Y" Ring, utilising a welder

boom Weld _ (See Figure 2-50). The weld is X-rayed and re-
palred as requlred.

The inboard tunnel transition segment is trimmed and welded,

utilizing the trim and weld fixture. The transition segment is

required in the lower fuel tank bulkhead on_.

The miscellaneous brackets are assembled at this station. Some of

these are bonded and others hand welded. The number of brackets

is approximately 200 for each fuel tank _ead.

"Y" PING FABRICATION (See Fl.gur,2-52)

Three alumlrmm billets, 5} by 27 by _ inches, are required for
fabrication Of the "T" Ring.

The forged billete are received in a flat eep_Lition. They are

roll formed, penotrant inspected, and _m4h-tadald with excess
on each end. Aging of +.hebillets, three (3) at a time, from

T-31 to T-81, is done on.a heat treat fixture. The billets are

trim, ed to length with allowance for weld shrinkage, and the ends

px_pa_ed for welding.

Upon recelval at Michoud, the three "Y" _ secHnts are clamped
in the weld _ and welded into a ring. The Joints are X-

Payed and _. The "Y" Ring weld_,mt is placed on the
"Nilee" borlp_ mill. A terning fixture is used to extend the

mill capacity and elamp the weldment in plaee. The "Y" Ring is

machined eomplete. _he ring is removed from the mill, radio-

graphic inspeeted, cleaned, ehemicall_ etched, dye penetrant

inspected, and part numbered.
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2,3.1.2 Polar ,_,D A_i_l_. {See F_mre 2-_)

Access to the trim and weld fi_._re and head aas_ is provided
by a personnel platf_. _he center pieee i_ llf%ed to the top
of bulkhead using a holstln_ tool.

The center pieee weld is X-rayed _ rotating the Y_ray equipment
about the eenter shaft of the trim and weld fixture, as in case
of the router head and welding _,

2.3.1.3

2.3.1.3.1

The _tooling hoes Iso _ns_ in the =enter pieee to
position by _ %he shaf_ of the %ria and we_
I_at_ng the toolJ_ bo_ _lth a weld f_rep the

_ed, _m3od a__ Irepeh'ed as requ_ed (_t F_ _).

The gores are fabriea$_d bY both the sculptu_ed bulge fora_g

_t_ _ _y _ulp fo:_:_ and _.i-_-__. M Apex Gores
and Base _n_es are r_eelved _i_h tooling holes, heat treated to

T-T/ (..-a_d), ½ _ pn_ ho_ ro_. f_tti_ eeteut_ and _-_n_ -
excess on all sides _ fer a _-_aehexcesse. _ C_rg.
O_res _ith fittings are not eonvemto, ooated (l_C-_l). 'lhe
gores are doaestleall7 paeMapd pea" RAC-_03_.

F_ttings are _elded into the gores by the follo_d_g process. _he
gore is vapor degr_ased per BAC-_8. With an "MIT", a rough cut

is aade for the gore fitting cutout while it is in a holding
fixture. A hoisting tool loads the gm-e on the trim and weld

fixture. The _ore is located by tooling holes, and the completed

._ |,,, H,
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2.3.1.3.2

(contlnued)

cutout is made by a router f_x_re with the aid of a check gage.

The fittings are located in the gore and welded in place. The

gore is unloadedfrom the trim and weld fixture _ loaded on a

production dolly for removal to X-ray.

'_en the fittings are welded _nto the gore, the gore is heat-
treated, the fittin_ are drilled and tapped for helicoil locations.
The gore is cleaned and conversion coated.

Utili$1ng a hoisting tool, the Apex and Base Gores are placed
in the _r_ Trim __. and the matAng edges of the Apex or Base

Gore are net trimmed. An Apex Gore and a Base Core are placed on

the tilt_ platform and welded. The weld is X-rayed with an Apex
to Base Weld Fixture.

_tboa_ l_el _c_lOn _ Flttin_ Assembly. I_¢er Head Fuel

The elbow halves are placed in trim Fixture which is mounted on

positloner and using manipulator; the halves are trimmed leaving

.010 per edge for weld shrinkage.

The trimmed elbow halves are cleaned and prepared for welding,

placed in weld fixture and, using positlc_er and manlpulator,

wel_ed together.

The we_ed elbow hal_es are placed in trim fixture and a trim llne

is scribed at beth ends. The large end is then trimmed with 1/8 inch
excess, and the weld head is removed at this end. The welded elbow

halves are placed in _elS trim fixture and, using positioners and

manlpulatcT, _ _ end is trimmed to net size. The welded
elbow halves and fittings, received from Wichita unaged and semi-

finlshed, are cleaned and prepared for w_ing. They are placed
in weld trim fixture and, using positlener and manipulator to

locate, are _Ided together.

The small end of welded elbow halves is trimmed wi_h 1/8 inch

excess material and the weld bead is removed at this end.

The _---ed elbow halves and the fitti=g are placed in trim fixture,
and using _osi_Ac_er, the circumference o_ the £1tting is machined
to net size.

The _Ided elbow halves and fitting are placed in "_al_ and trim
fixture and position_r and manipulator, the small e_ is tri_m_
to net size.



2.3.!.3,2

2.3.1.3.3

2.3.1.3.4

2.3.1.3.5

(mints)

The welded e_ halves, fitting and _, received from

_lchlta unaged and seal-elnAshed, m cleaned and prepared

for weldlng, placed in _ and ta_ f_xtuPe and, uSing
posltloner and _later, are _ to_.

procems is Ide_tleal te tJ=at,.eu_ on the outh_

fueZ suetlo, f_ttlng _._mb_v,

Zaboar: and _O_t_ _u_l ,_:tAon ,_t_ _.mmb_ that are

The detail i_tation fittings are reoelved _ Wichita

minus tapping for the heli-coil, with a 3/8 inch tool hole in

its place and in _he unaged condition.

For these au_blAes the instrumentat_n fitting(m) are md_k,i
in the _ halves, in a weld and _ f_e, prior to any

other operations, after _ich *he hole for the hell.
coll end tapped. The fo_ auemb_v operations
are _en_Acal to that outlined on the outboard fuel suction

fitting aaaemb_.

These fittings are received from Wichita c_le_e and ur_a_e_.

To avoid he_ distortion during welding the hell-coll insert

holes are omitted and t_o (2) tooling holes are included at
the two (2) hell-coil insert locations. One (I) tooling hole

is required at "key" location for assemb_ _o_es, the

other for detail manufacturing purposes.

I
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2.3..2

2.3.2.1.1

2.3.2.1.2

Tank Sub-Assemblies

C__eal S_/_ Section and Rin_ BafFle As_gmblv.

.Assemb_v consists of four (_) skin segments welded

together to form a cylinder i0 feet high and 33 feet

in diameter, a series of cirm,mrerentlal ring baffles

mechanically attached to the skin tees, and other

bracketry.

Cylindrical Skin S@gt_o _ Assembly.

The tank cylindrical skin section assemblies, one (I)

upper and one (i) lower, both consist of four (4) skin

se@lents, eac_ I0 feet high by a_meexlmately 26 feet

long, fommd to contour by Wichita; cleaned, etche_,
conversion coated and welded together at Michoud. (See

Figure 2-57).

Skin section segments, after conversion coating, are

transported to the skin ,m_d fixture in a transportation

dolly. Skin segments are lifted to position on the weld
fixture, aligned and weld plate extensions attached.

The test weld fixture is positioned, test weld run,
removed and certl lied.

Vertical welding of skin segments is accomplished with

weld equipment and seam X-rayed. Weld and X-ray one
seam at a time, rotating parts 90 degrees on the fixture

between welds. The skin section assembly handling sling

is attached to the skin section assembly and the skin

section is lifted and positioned in _lindrical skin

assembly fixture for installation of the ring baffle

segment assemblies.

1, Tank CYlindrical Skin Section Assembly. and
 .erent 1  sta tla., uD er
 rs.

The circumferential ring baffles, pre-assembled in quadrants,

are attached to the inner skin tee stiffeners at this point
to save time in the final tank assembly tower and to streng-

then the skin ring sections _uring handling. (See figures

2-57 and 2-.58)

The cylindrical skin assembly is first located in the

assembly fixture for installation of the ring baffle seg-
ment assemblies to the inner skin tee stiffeners. Tem-

porary support tooling is required for baffles and miscel-
aneous supporting members.

U3 4211 400@
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2.3.2, ;I.?

Ping baffle segment assemblies, four (4) per ring baffle, are

positioned ind_vidually, drilled and temporarily attached to
skin tee stiffeners; segment splices are drilled and temporarily
attached.

Parts are removed, deb_red, wiped clean, and reinstalled with

permanent fasteners, except assemblies near weld areas cannot
be attached until after weld and associated repair of conversion
coating of skin. Th_se baffles are located and temporari].v

installed in the assembly fixture by drilling undersize holes

and attaching with nylon rivets.

Tube assemblies and vertical stiffeners are positioned, drilled

and either permanently or temporarily attached while in the
assembly fixture.

2.3.2. i.2.I Circumferential Rina Baffle Se_nt A_sembly. (SeeFim- 2-59)

The Circumferential Ring Baffles are ring-shaped reinforced
disk-type structures that are installed on the inner surface

of the tank to minimize slosh of fuel in the tank and strengthen

the structure. The RAng Baffle Segment Assemblies are pre-

assembled in 90 degree segments. Fabricated details are obtained
from _Ichita. Assembly operations and standards procurement are

Michoud responsibility.

Locate and assemble detail parts in the Ring Baffle Segment
Assembly Fixture.

Drill rivet and bolt holes as required.

Disassemble, remove from fixture, deburr parts, wipe parts clean,

reassemble in fixture, and rivet or bolt parts together as required.

2.3.2. ? Tu_ Assembly- Fg_l_ _

Tube assemblies of various lengths are used as struts for the

RinG Baffles and Cruciform Baffles.

All tube assemblies are basically the same, consisting of an

alumlnu_ tube swaged at each end with machined, aluminum fittings
welded to each end.

Fittings without bolt holes and swaged tubes with excess on each

end are procured fremWichita. Standards are procured by Michoud.

All welding and drilling after assembly is accomplished at Michoud.

I
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Ring Baffle Parts (I/_ Seet_)

R_ng Baffle Assembly (1/4 Section)
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2,3.2,2 Cc_ntinued)

2.3.2,3

2_.3.2._

2.3.2.4.I

2.3,2./_.2

I_a_ation not available.

2.3.2.4*3

Information not a_a_lable.

pleta drilling operation. _ the __ _ the
debBrr and clean.
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2.3.z.4.3 (continued)

2.3,2,4.4

2._.2.4.4.1

2.3.2.4.5

Return the details to the fixture and fasten with rivets

and lock_its. Remove the sub-asse_Bly from the fixture
and clean.

Fuel Tenk C_t_levered _ i _f_e _1_.

The fuel tank cantilevered ring baffles consist of beaded

sheet metal __s (_ebs)with angle extrusion ,(cho_s) on

the inner and out_-r periphery. At _0 degree is, "T"
sections are fastened from the outer chord to the inner chord
for stiffeners and to sp.lA.ce the webs. The baffles have the

general configuration of flat rashers and consist of four (4)
sub-assemblies (baffle quadrants) 90 degrees _, fastera_
together at each end with _ and angle spliees. They are
supported inside the tank (at each end) by means of a canti-
levered tubular structure from the preceeding z_Angs, for the
purpose of dampening fuel slosh.

_ ntilevered. RI_ Baffle A_v.

Position the chords (2 required), webs (3 required), web "T"

splices (2 required), and all fittings in

the details in positlon and c_lete _

operation. Remove the details frcm the fixture, debu_ and
clean. Replace the details in the fixture and fasten with

rivets and lockbolts. Remove the sub-asse_ly f_ the fix-

ture and clean. Store the upper baffle quadrants.

Information not available.

3_11 40@0

B B _JNB I_
, i i i

_aem ->-



2.3.3

2.3.3.1

 a.k

The tank assembly consists of the l_er

upper tar_
LOX tunnels, helium distributor,

ment installations.

L_er Tank _b.A_

This assembl_ aonsists of the Icur tulkhead and related parts,

skin ring assembly, and a portlc_ of the ring baffle Lustallatlon.

Transport lower head assembly to Um high tmr area on trans-
portation %maile_. Position perammel plat£orm on top of bulk-
head. Locate transportation t_aile_ _ _cka over the
tank to_er pit and po.fttion loa_ed __ trailer cm
support tracks over turntable. Attaeh hoisting tool (im.evlously
LnstaLXed on bulkhead) to tower hoist and llft approxifataly 15

feet above turntable. Remove transportation trailer and return

to low bay area. (See Figure 2-61)

Transport lower skin assembly to the tank tour _n _tion
trailer and position over turntable, Using _fting sling, lift
lower skin assembly frum tram_ration tra£1er. Rma_ve trans-

portatlon trailer and support tracks frcm turntable. (See Figures

2-61 and 2-6a)

Lower and position fewer skin assembly onto turntable. Remove
lifting sling. Raise internal elevator for work platform, (See

Figure 2-63), and position external scaffolding. Close air

conditioning curtain. Prepare edges for welding. Position

welding fixture allgmmnt tool. Loeer and poslt£on head asambly

to skin assembly. Position internal elevator and poa_tio_ test
weld fixture opposite in_ bocm welder. Position test sample

parts in fixture; weld and check samples Position test weld

fixture opposite external boom welder. Position test m_ple

parts in flxturv; weld and check samples. Posltlon test weld

fixture opposite internal boom welder. Poeltlon test sample

parts in fixture; weld and check samples. Remove test weld
fixtume. PosLtlon outside and inside bourn welders for welding.

Initiate outside arc. _ tank sub-assembly has revolved

ap_tely 8 feet, initiate inside arc. Weld _nside and
outside si_taneo_ (inside trailing outside by 8 feet).

X-ray inspect. Clean locally and reconversion coat. Per-

manent_y install ring baffle adjacent %o weld area, ca_
_ilevered ring baffle and cruciform baffle! (ring baffle pre-

viously installed, removed and placed on lower ring baffle).

Remove support fixture, cruciform baffle and cantilevered
ring baffle. Adjust temperature and open air conditioning
curtain. Lower elevator and remove external scaffolding.

.o. DS-I_ _61
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Figure 2-.62 POSITIONING LOWER SKIN ASSEMBLY O_ SKIN NO I. IN VERTICAL

TOWER
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2. "_ _ • I ( Contlnued )

2.3._.2

fuulse lower ta_ sub-_ssembly _ith holsth%g tool and tower

hoist to a height of15 feet above

transportation trailer support tracks over

transportation trailer on support tracks over pit. Lowem the

l_er tank sub-a_semhly on to dolly. _sengage tc_er hoist

from sling. Install protective cover over tank sub-assembly.

Remove loaded transportation trailer from assembly tower.

UsinE overhead crane, remove personnel platform.

Uope.r Ta,,nk Sub-Assmmbly

This assembly consists of the upper bulkhead and related parts,

skin ring assembly and a portion of the ring baffle installation,

(See Figures 2-61, 2-62, 2-63 and 2-64).

Transport upper head assembly to the high hay area on trans-

portation trailer. Position personnel platform on top of the

bulkhead. Locate transportation %z_ller support tracks over the

tank tower pit and position loaded transportation trailer on

support tracks over turntable. Attach hoisting tool, previausly

installed on b%Llkhead, to tower hoist and lift a tely 15

feet above turn_mhle, Remove transportation trailer and return

to low h_y area.

Transport upper skin assembl$ to th_ tank tower on transportation

trailer and position over turntable. Using lifting sling, llft

upper skin assembly off transrortation trailer. Remove trans-

portation trailer and support tracks from over turntable.

Lower and position upper skin assembly on turntable. Remove

lifting sling. Raise internal elevator for work platform and

position external scaffolding, Close air conditioning curtain.

Prepare edges for weldlnz. Position welding ligature alignment

tool. Lower _ position head assembly to skin assembly. Posi-

tion internal boom welder. Position test sample _rts in fixture;

weld and check samples. Position test weld fixture opposite ex-

ternal boom welder. Position test sample parts in _e; weld

and check samples. Remove test weld fixtures. Position outside

and inside boom welders for welding. Initiate outside a_. After

tank sub-assembly has revolved approximately 8 feet, initiate

inside arc, Weld inside and outside simultaneously (inside

trailing outside by "8 feet). X-ray inspect, Clean locall@ ° and

reconversion cost, Permanently install ring baffle adjacent to

weld area and cantilevered ring baffle (ring _ffle previously

installed, removed and placed on lower ring baffle). Adjust

and removp external scaffolding. With tower hoist and hoisting

tool, raise upper tank sub-assembly to a height of 25 feet above

turntable.

_ , ,, L
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13. i_os] tion _L_ternal Scaffoldi_

15.

l&. .;eldU_per Head Assy
To No. & Skin Assy

Invert & Fosition Lower Tank 16. Position Upper & Lower
Tank Subassemblies Onto

_ub_ __-_e_,.bly Turntable

17. Weld Lower Subasse_ %0

Upper _asse,_

LO/ Tunnel

18. _mnel Installation
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21. Lift Tank Assembly

From Production Dolly

i
I 1 12000

22. T_o_ition T,_nk Assembly

Into Hydrostatic Test

Facility

I
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23. CI_ _md Fydrostatic
Test Tank Assembly

__64B _L ?L-',II[ xssmem.,"z' ( _ 4. of _.)



2.3.3.3 Final T_n k Ass_nb_

_.3._.4

Consists of the upper and lower tank sub-assemblles and poa-tion

of rin_ baffle installation. (See Figure 2-64)

Remove protective cover frcm over .lower tank sub-assembly.

Using hoisting tool and overhead crane, remove lower tank

sub-assembly from transportation tra_ler (used for storage

rack), and place in inversion f_Are and invert, Using
overhead crane and hoisting tool, place Lnverted lower tank

sub-assembly into production dolly. Position safety net and

internal personnel platform in inverted law_r tank sub-assembly.

Place loose ring baffle belc_ normal position (to be installed

after close out weld). Position skate welding track and skate
welder to the inside skin tee'a.

Position production dolly over turntable. Using lifting sling,

lift lower tank sub-assembly off production dolly. Remove pro-
duction dolly fram over turntable, Lower and position lower tank

sub-assembly on turntable. Position external sca£foldlnE around

tank. Remove lifting sllnE and close air conditioninE curtain.

Prepare edges for welding. Position welding fixture alignment
tool.

Lower ar_ align upper tank sub-assembly to lswer tank sub-assembly.

Position test weld fixture opposite external bomm welder. Position

test sample parts in fixture, weld a _i check samples. Remove test
weld fixture. Position external boom welder and weld outside.

X-ray inspect.

Position skate welder (See Figure 2-65) (track and welder pre-vlousl_

installed) and weld skin tee's. Remove skate welder and track by

means of manual hoist mounted on _sor_nel platform. X-ray inspect,

Using trim _ (_ Figure 2-_) _ excess off the sd.des of
each Tee. Clean and reconversion coat the entire weld area. In-

stall ring baffle adjacent to weld area (previoas_ set on lower

ring baffle). Remove safety net.

LOX _I Installation (See Figure 2-64)

Attach crane hook to LOX tunnel setting gage; insert into tank

assembly, set to length and angular trim as required (by clocking

for _ tunnel). Remove setting gage and place in production

dolly; transfer setting gage to trim fixture and place in trim
fixture for transferring angle and length to trim head; trim each
tunnel (4 outboard and I inboard). Remove tunnel from trim fix-

ture using hoisting tool and place in production dolly.

U3 4211 4000
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(Continued)

Transfer to vertical assembly tower. X_cate bellows on

tunnel using hols_ tool. Install bolts and torque.

Install protective cover over bellows. Attac_ holstln_ tool

and install tunnel in tank assembly and _oin tunnel to aft

bulkhead fitting with allg_ment fixture (I required of

board and 1 required for outboard). Weld as x_qulred in

weld flxturm, X-ray welds using weld acce_,
Clean and conversion c_t weld area.

Remove protective cover and make mechanlcal corrections
between tunnel and upper DDX tunnel flttir_.

Open air condltlonir_ curtain. Remove all internal and

external scaffolding and equipment.

Swing hoist out of position. Using overhead crane lift

tank assembly and remove hoisting tool HT-370-2_
lower section of farM, move to hydrostatic test tower.

2.7.3.5 _vdrQstatic Test i_ +__ Facility

The H_drostatlC Test and Cleaning Fac!1_ty is used baslca_

for cl,_ning, cmwerslon coating, pressure testing and ea_
ibratlng the LOX and Fuel Tanks. (See Figu_s 2.64 and 2 68)

In addition, the _ Distributor and the associated G_ line

se_aent, the Helium Distributor, the Anti Vortex baffle
assemblies, and various manhole covers are installed in this

facill ty.

Remove fuel tank from tank assembly tower and remove lower

handling ring.

Lower fuel tank on to posltloni_4 and ho_g fix_, using

overhead crane (180) tons and upper tank rings.

Disengage crane and remove handllng ring.

Level tank using positioning and holding fixture. Attach all

necessary plumbing and position spray nozzle in manhole openins_.

Clean and conversion coat. This process consists of chemical

cleaning, de-ionized water rinsing and nitrogen drying.

Seal tank for 24 hour minimum.

Fill tank with de-ion£zed water, s_ii_ dlchrcmate additive

and 12 PP_ fluorescent dye.

Level tank within + 3 minutes of verticality and l_drostatic

Test. Check entire tank surface for IJaks.

Calibrate tank by draining an Ln_tal batches.



J

To _r'-nead Crane

Tank

Figure 2-67 HTIRO6_TIC TEST AND CLE4NIJG FACILITr

U3 4211 4000
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2.3.3.5 (Continued)

Position spray nozzles in manhole openings. Fir_l clean.

This process consists of chemical cle_u_ing, detergent was_zlng,
de-lonized water rinsing and nltro_en drying. Check tank for

48 hours for complete dryness.

Install anti vortex baffle assemblies, helium distributor,

manhole covers, etc.

Fill tank withhlghpurityN 2 to a posltivepressure using

pressurization - dehumidifying apparatus.

Replace upper handling ring and r_move tank from tower using
overhead crane. Reinstall lower handling ring and transport

tank to painting.

U3 4211 4000
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2.4.1

2._.I,i

The Interta_%k structure assembly is a cy]Andrical section which

transmits an of the thrust leeds and mechanically comuects _he

to the fuel tank assembly. The Intertank

%s of five {5) equa_l$-spaced frame _g assemblies

covel_d with eighteen _r_a_ted skin panels. Each end has

attached one-hundred and eiF_t (10g) Inner-forted fittings and 106

outer forged flttln_s for att_chp_ah to the "Y" ring of the fuel

tank assembly and %he iOX tar._ _issembly. The skin panels contain

openings such as l personnel access door. door dral, el;,_.roenc_L0_

fuel vent, llns pressurization, ele:_Ical co_uit a _ &rovi_£ons

for venting internal pressure. (F_ 2-69)

ho_in_ wil/ faDrlcat_ 5h_ intertank st.-uctare from (6) skin panel

sub-assemblies, 60 _egXee frame ring se_ent m,b-assemblies, forged

fittings, and detail r_T_'ire-_'nts. _e _t,_,;._terof the intertank

structur_ will be controlled L/ Im_._r_j"i_ rin_s on the assembl_

fixture. The assemblj will nave attac2,_i fittings, _o_ each or,

the fuel and DS_ 1._n_.en_is positioned %0 _he dusmiy '_f_ r_,g. All

door :_nd v_n% fittinC_ will be _tLiched an J at the co_pletion Of

all work in the a_em_Llv fi_t'ire, t_ rotational ha.,_ier arZ locater

_IT 330-74_2 will Je locat_ ard attacne :. AFUr assecbly, the

int_rtank stz_cture will be broken down into six, 60 de,Tee skLn

assembl_ sections, crated in shippi/_ fixture 3T_ )_0-_2"95, a_%J

shipped to }_FC,

At ::_FC, re-assem..bl_ fixture _._ 320-?290 will be _,'_d to re-assemble

the intertank structure assenbly co.%#onents when received from

;'ichoud, The re-assembly flxtur_ will provide adjustable clamping

features to move the skin assembly :_ctions Into proper relation

for installing permanent fasteners _ sec'_re ski:z splice plates

and frame ring splice. The inter%a_ stl_eture a$_embl$, is _en

remov_ from the re-assembly fixture _nd traIwpor%ed to the

structural assembly tower.

Final Ass_!_ pf the _t_r_k _truc_ _sembla

The final assembly will be acoomplisb_ _n an ._ssembly fixture which

consists of twelve towers mounted on ! _pecially prepared, rein-

forced concrete platform. The dL_mat_?r of the interun_ s*xuct_re

assembl_ wLll be controlled by dummy _'Y" ri_,gs.

For economy of manufacture the format of the generation bre_k.io_"

will not be followed and the sub-assemblies will Oe plann_! c'n

-900 categoi?f. The sub-assemb_" ¢omposition_ are list e:i unJ_r the

sub-assembly se_tions of this plan. The fin:_l _._se_./b!3"consists

of the foll_in_ requirements: (I) -900 _kir. pane_ asse_.bly. (2)

-901 skin _.nel assembly, (1) -902 skin _unel asse_,b_, (i) -_C_

U_I _1_ 4000
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?._.i.1

2._.2

skin -_:_el _'_ss_bl_,(t) -9_ skin par,el ass_bly and (6) frame
rJ.n_, cC d___Tee seL_ents at each frame ring station.

Lec_=_e a_ drill all fringe r_g stlffe#_e_ an s

_nd peseta n_ng han_er Ioc_tlons-. Permanently. _tta__
angles to frame _PAn_,

_c_ ;,__ attach T.-a]Ips to _t:f_er_rs.

install ail france _ _3_e_, _t_ch _nz_, and T_cl_.

Drill full _ize (_)___les, IZ places _t the af%'er_, ....._
fr_e ri._s a_d pOsi_Aonin_ har_er_.

lnst:_ii re_£ninil openinf, fr_.

Break assembly " + _ _, * ," _ _ " .

each segment and lo_J _to _ .... p_*u_ fixture. _ ;;_

P:_c_%_ the in_ forges _r-'+_',_,_._.a-• "; "" *....

it: _parate containe_ for sh_oment to :_C_. -"

_6_ Panel Suh-A_s_h_ - _..ichmRd Vehi_

The six :_kLn pa_:el s_b-_sseublies will be assec_led in an as_y

fixture. Each sub-assembly ,__dlibe made up of _hree sk_ _Is.

two sets o_ skin splice plates. _nd for;Led fittings on the skin
pane] 5ub-asset_bi_. f_ture. All skLus _ill be received with net

trlr_ on one _be anl one e;_,l. The opposite ed_e 9/%_ end %rill be

tr_mm_ _n the a_sembiy fixture. The outer for_ed fittin_.s will
be _ +

_oc;i._, numbered for location, and permanently at%aehe_ _o
the _kLq panels. The center fittin_ _el tank end of each. skin

panel will be drill_ ar_ re_ov_. _ne inner forged _ti_;S wr_l.]

be loca%_, drilled, numLere_ for loca_ion, and r for s_r_

psckaginc and sP_ipr_nt to F_FC. _x fittlmgs will have .v30 m_er-

size nole_, six vertical positioners, will be attached to _in at

these locations, u_ing un_ersizea holes Ln skj._,. Skin panel

as_e_?_lj -903 will contain the pez'&o_:nel access door. ;_:h; panel

asse:Tib/.v-900 will contain _ fr_e asse_,_bly, door. emergency _OX.

t_mt will be use_ for static test only. For fli_t si_tion

test, the frame ass_:ly will De removed and the DCX door cover

installed. 5k_ panel assemhij -90_ will have prc_;ksions for Ii-_

pre&surization, f!i_in% simulation tests, ar_, static test. S_i:.

Panel assembly -902 will aco_odate the e_ctr_cal'_" conduit. All

skin panel assemblies will have provisions for venting the Ir-

terna! pr_ ssure.

9-



2.4.2.1

The -900 sub-assemb]_ is composed of (3) sk%n panels, the LOX

inner frame assembly, (18) aft inner fittings, (17) aft outer

fittin£s, (18) forward inner fittings, (17) forward outer

fittings, (h) outer splice plates and (i0) inner splice plates.
¥ "One panel will ha e We D0X door openln6. One panel will have

prov_ions for vent of internal pressure. One panel will have

no opening.

The -901 sub-assembly (two required) is composed of (I) skin panel

with pressure vent opening, and (2) skin panels with no openings.

Fittings will be the same as the -900 sub-assembly,

The -902 sub-assembly is composed of (I) panel, fuel vent, (i)

}_anel, pressure vent. and (I) panel assembly, electrical conduit.
Fittings will be the same as the "-900 sub-assembly.

The -903 sub-%ssembly is composed of (I) panel assembly, access

door, (I) panel assembly, fuel vent, test, _ (I) panel, no
openings. Fittin£s will be the same as the 900 assembly.

The -904 sub-assembly is composed of (i) panel with pressure vent

ope:_ing, (I) panel assembly, line pressurization-flight, and

(I) panel assembly-line pressurization test fittings will be the
s_c.e as the -900 assembly.

2._. 2.3..1 _kil_ Pap@l S_A_s_mbly Ou$!ir_

Load skin panel in position for trimming excess material on one

edze. Trim. one edge and deburr.

Load second skin panel and repeat.

Load outer skin splice plates.

Do not trim excess fro_ third skin panel.

Load inner skin splice plates and splice drill plstes and clamp in

place.

Drill full size holes common to skins a.-_ splice plates per

fixture drill plates.

Clear, deburr and install permanent fasteners common to skins and

splice plates.

Cut openings and install structure assembly as required.

Using fixture provision trim remaining excess from skins as requireu.

Deburr trimmed edges.

U3 4atl 40QO
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2.&.2.!.I (Continued)

2,4.3

_dex (17) outer fittings each end to dumm_ "Y" rings. _I]I

anc ream holes common to skin _i fittings (15) places each end.

Drill holes undersize comon to skins and skin splices. _km_er
for location, cle_% deburr and permanentlF install fasteners

except at skin splices and at handling tool Ic_ati_ns. Store

unattached fittin_s for later packaging mud shipment.

Index (18) _m_ fitti_s each end to W "Y" r_s. _II and
ream holes _ size common to skin except drill ,030 undersize

where posltioners are installed in each skin panel on fuel
and LOX tank ends.

_;_mber for location, clean and deburr. Remove fittings and store

for later packaging and shipment. Install (3) vertical posltionera
at each end, adjust to dtmmy "Z, ring,

Insl_ct _mpleted asHmb_ and use handling tool to remove skin
panel sub-asse_bl_ from fixture.

_-_ve to panel assembly storage area.

The frame ring 60 d4gree segment sub-asse_blles will be

in vertical pi_ frame assembly fixtures. _hese sub-assemblies

will be built as -900 assemblies, as the cQnfiguration will differ,

Various stiffeners and attach angles will be omitted from the sub-

assemblies and installed at final assembly of the intertank. All

segment assemblies will have the frame ring chord splices o_Atted,

For the (5) _FC vehicles, the frame ring chord splices will be
piloted at assembly of the intertank assembly, and will be drilled

and reamed full size at re-assembly at I_FC.

For _he _Ichoud vehicles, the chord splices will be ir_ta_

permanently at final assembly.

Each 60 degree fr&_e ring segment will be comprised of an inner

chord and an outer chord, two shear webs, stiffener angles, attach
angles web splices, and tee-cllps.

Load web splices in assembly fixture.

Load inner and outer T-chords in assembly fixture. X_ad (2)
webs per tool holes. Adjust chords for trim and clamp. Scribe
inner and outer chords for end trim and trim net.

Load stiffeners angles and attach angles,

8 _ _ L_v_'_
9-



/

2.4.4

(Continued )

Drill and ream holes per drill plates. Dr_IA full size helms.

Note: Omit web splice holes in one end and web _ chord splice

hole beyond web on opposite end. Omit holes c_mo_ to skins.

Perform deburring and cleamlng operations a8 required.

Permanently install all fasteners where possible except cleco
end splices.

Use handlin_ tool to rem_e assembly from fixture.

Position tee-clips and permanentl_ install.

Install remaining fasteners.

Drill (2) pilot holes common to tee-clips and outer chord and
(2) pilot holes common to outer chord and panel skins at all
locations where clip is installed. Final inspect.

Drill (4) pilot holes through outer chord and (2) pilot holes
at _uner chord at attach angle locations.

Move to final assembly storage area.

load the (6) frame ring segments of each frame ring on station

locators. Clamp out of position.

Use handling tool to lead -903 and 905 skin panel sub-assemblies.
Stop edges against skin stop near fin line C and fin llne A.

Load -900 and -903 skin panel sub-assemblles.

Stop edges against skin panel stop near fin line A and fin line C.

Load two -901 skin panel sub-assemblies. Establish equal skin
gaps.

Check the Vertical edges of the skin panels, optically, to insure

that the skin Joints are perpendicular to the top surface of the

lower du_ "Y" ring. Adjust panels if required. Seal the
vertical positioners.

Float the frame ring sub-assemblies against the skin panel

assemblies. Cla_ in poeition and clamp the segments together at

splices. Pilot drill (4) 1/S-inch diameter holes in each splice
joint of panel assemblies. Fasten skins to frame with I/8-inch

screws, two in each four-hole pattern to _intain intertank diameter.

U]J _12tt
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2.Z_.4 (Continued)

From one edge lay-out the locatim_ or (12) outatds _IA_ pla'te8

on the skin. Center the splioe plates en the Jelnts.

Starting at the bottmu, use fixture drill plates and back up
plates to drill inner and outer splAce plates (6 plaoes). _r_sta11

fasteners.

(6) ia er .
Use d_ fittings and skins at skin splices oes) each

full size holes (1) side of splice and (_ pilot holes on
opposite side.

Drill _ sise all ho_s common to frame _ and skins from
pilots in frame rings. Permanently install fasteners.

DrlAI frame ring splloes. Install permanent fastener,.

P_Aot dr_11 (2) holes in the u_r and Immr frame r_ ommon to
T-cllps, from ehord and positioning han_rs at each IoeatAen.

UI 421I 400_
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Figure 2-78 (ILII_TRATIO_ :OT AVAILABLE)
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2._.5

2.4.5.1

2.4.5.1.1

2.4.5.1.2

2.4.5.2

2.4.5.2.1

?mmmm

The Pressurization Tomnel Assembly is seml-ellptlaal in shape

_Ath a h_rbolic Fairing at each end. The T_nnel is appr_-
imate_ c_e foot by two feet by 113 feet long. The _el

attaches to the outside of the booster and looking fm_d is
lOeated 11 degrees add 15 minutes clo_e from position X_X.
The Tunnel erte, ds froa the Tkrust Structure (Station 180.,)

to the Forward Skirt (Station 153.8) and houses the _ssur-

Ization lines and electrical lanes.

The TUnnel is divided into 16 sectlo_s consisting of the For-

ward Fairing and platform assembly, 15 platform assemblies,

14 cover _lies add an aft fairing assembly. The length
of the platform and eover assemblies varies frc_ 67 inches to

102 inches. All components are of aluminum and are assembled

by mechanical fasteners.

The Elec_ Tunnel Assembly is the same as the Pressurization

Tunnel Assembly with _e exee_ion that the platform and cover
assemblies from Station 655.00 to 9@7,7_, have a transition to
a wider _Toss-section. The Electrical Tannel is located

d_ectly opposite the Pressurization _, II degrees I_
minutes fro_ positic_ I. and houses the electrical lines.

SL uct er me! Ass 

Asse - Engineeringnota.aLtable.

Cover Assembly - Engineering not awailable.

Platfarm Assembly.

The platform assemblies for the Eleetri_al and Pressurisation

Tunnels are typical in construction but vary in length. They
consist o_ two parallel side rails Joined by two end members,
one center member and two intermediate members, fastened to-

gether by rivets and angle clops, The platforms haye six points

of attachment to clevis type brackets installed on the skin of
the Tank. (These bl_ekets are fastened to the Tank by bolts in

in blind holes with Hell-coil inslrts). Five of these points

are fastened by means of link assemblies, and one point is a
fixed braeket. The fi_ bracket is installed on one end of the

_enter member. This bracket locates the platform about the

periphery relative to position I or III, radially and statAon-

wise. Opposite the fixed bracket, the platform is connected to
the tank by a link assemb_7 which allows circumferential move-

ment. The end members have the other four points of connection

and are held by link ass,-blies. The two links at the end

members on the fixed bracket side of the platform permit ver-
tical movement of the platform. The two links on the opposite

_B ........... '#M.,"D_32561
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2.4.5.2.1 (Continued)

2.4.5.2.2

2._.5.2.3

side of the platform permlt vertical and c_erlntlal move-

_ent. The side rails have _pprcszlmately eleven nut plates per
rail, spaced about seven and one halt Inehes apart for fas-

tening the preassembled tum_l cover to the platform.

To facilltate fabrioatlon, the en_A, in_%e and center

mer_ers are assigned -900 numbers and asaembled as sub-

assemblies. The emd ember sub-assemblles are assembled in

ADF 358-27160. (_g_re 2-82). This tool pro_ for side

brace ling assemblAes. _he side brace attach holes are

trolled for coor_Lnatlo. 358-26_2. The center

This tool provides for drilling and reaming the at_oh holes far
the drag brace llnk assembly whlah is oontrolled for ooo_tion

by MrDP 358-26_. The l.+_media%e mmaber sub-assemblies are

assembled in AF2-358-2___0. (See Figure 2-8_).

Platfo_, Final Aam_Iv

2._.5.3

removable end and intermediate member loca_ors to accom_%e

the different length assemblies.

The sub-assembl_ members, less the link assemblies, are loaded

in assembl_ fi_ure AF 358-Z?160 with the side rails. Aft-

installation of the _t fasteners, the permanent fas-

teners, the cover-to-platform attach holes are drilled in the

plstform assembly from drill plates on the assembly fixture. The
platform assembly is ranoved from the fixture and nut plates for
the cover attachment are permanently _ on the platfor_
side rails. The llnk assemblies are then permanent_ ins_

to complete the platform assembly.

_er Assmexlv

The cover assemblies consist of rolled oontoured skins hav_u_

longitudinal beads for strength or reinforcement, formed hat
section frames (usually seven on a typical cover assemb]_v), a:_

side plates on either side for attachment to the platform
assemblies. The cover assemblies vary in Isngth and are equiv-

alent to the lend'oh of the platform asse_bi7 to which each is
attached.

m,,,,mm.N ,m[-.,,
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2._.5,3,1

2.%. 5.*.2

2.4.5.J+.3

2.4.5.5

The cover details are l_t_, d_lled and assembled in Assemb!y
Fixture AF 358-26130 which has movable locators to acco_z_ate

the different length assemblies. (Figure 2-86)

After irm_g a+_ fasteners° the corm" assembly is located
in:the for two cover-to-platform
attach holes hole each s_e for

indexing to the plat_c_m aasemb_ on installation of the cover
assembly, the remaining cover-to-platform attach holes are
omitted.

Press,Arization _rmeI .P_tfor_ (Po_+).+

The forward platform assembly consists of a ladder type frame
supported by two longitudinal beam assemblies, eight cross members
and two side rails. The beams attach at their center to the Inter-

tank skin. The ends of the platform are supported and attached by
l_nk assemblies to clevis supported fittings attached to the
Intert_nk skins.

Pl_tfo_ h_ Su_sa_blles

The two platform beams are sub-assembled as -900 subassemblies
usln&- the bench type Assembly Fixture AF2-358-27220 to assemble

the beam details. (Figure 2-87 ). Each beam sub-assembly consists
of one extruded "T" (upper chord), one extruded angle (lower

chord), one web. angle c_s and a relnforcln_ machined fitting at
center.

The Platform Asse_!y Fixture AF 358-27220 is a trunnion mounted
picture frame tool (Figure 2-88). It has provisions for locating

beam sub-assemblies, side rails, cross-members and attach angle

brackets. The sub-assemblies and remaining details are loaded into

the fixture for drilling, reaming and installing permanent
fasteners. The fixture provides for drilling the cover-to-platform

attach holes and for drilling and reaming attach holes for the
side and radial link assemblies. The side brace attach holes are

controlled for coordination by _rDP 358-27_28 and _ 3_272_0.

The cover-to-platform nut plates are permanently installed after
the platform assembly isremoved from the Assembly Fixture, The
radial and side brack link assemblies are then permanently in-

stalled to complete the platform assembly.

The aft platform assembly consists of two rails, two end members,
intermediate members, one center member and llnk assemblies. ?he

end members, intermediate members and center members are sub-

-)-



2._.5.5

2.4.5.5.1

2.4.5.5.2.

2.4,5.6

2.4.5.6.1

2.4.5.6.2

2.4._.?

2._.5.?.1

2._.5.?.2

CContlnued)

as as -900 nuabers.

Aft Platform S_b-Aasemblies

The end member sub-assemblles are Usembled in AF 3_-27300.

tool _ov_es fro _ r_ the attach holes for
the radial and side li_k assemaliee. _he s_e bra_

attach holes are for c_o_ti_ by _ 3_32.

The center member su_emb_v is assembled in ADF 358-27230.

For typieal sub-asselb_ fixture, see figure 2-83. This tool

provides fro drilling and reaming the attach holes for the drag
brace link assembly. The drag brace attach holes are controned
for ceordln_tlon by F_DP 3._-_233.

The intermediate _e_ _-assemblies are assembled in AF2-

3_-27160. (See Fi_o_e _).

ACt Platform Fina_ Ass_

The side rails, end member sub-assemblles, m_r
_b-ass and _ _er s se_b1_ ( _
assemblies) are leaded in Platform _se_ly Fixture i_358-27_

(See Figure 2-85), for _cal A_se_bl_y _-=._ i_r _ arid
reaming the fastener balms, After _tallmt_on of the i_an_at

fasteners, the cover-t@-platform attach holes are drilled _u
the assemb_V fixture for ins_allatio_ of nutplates for cove_
attachment and installation of the llnk assemblies to complete

the platform assembly.

Intertank Fr_surlzatlon Tunnel Covers

The cover assemblies for the Intertank Pressurization Tunnel
_re s_milar to the covers in Paragraph 2.2.2 (See F_ 2-86)

for typical assemb_ f_x'_. ) The __ covmr assembly is
assembled in AF 3_8-_200. The aft cover is assembled in the
Fuel and LO_ Tank Cover Assembly F_dmre AF _130.

Electrical _ Platforms - Engineering not available.

Electrleal Tunnel Covers - Engineering not available.

Platform Assembly - __neerlng not available.

Cover Assembly - Engineering not Available.

-)-



The tunnel platform assemblies are attached %o _ Booster by clevis

type brackets mounted on the outside surface of _m Booster.
These brmckets are located at each inner frame ring of the sections.

In the Fc_-#ard Skirt, Intertar_ and _rust Sections, the fas-

teners penetrate +.he skin. In the LOX and Fuel Tank. the support
brackets are attached by screws in blind holes which have Hell-
coil inserts.

2.4.5.8.1 Thrust Structure Installation

2.4.5.8.1.1  s uatlo.

The holes for attachment of the tunnel support brackets in the

Thrust Structure are drilled in the final assembly stage of these

sections. The detail support brackets are fabricated complete
with full size attach holes.

The support brackets are attached to the Thrust Structure with
mechanical fasteners. With the booster in the horizontal position

%ha platforms are attached to the Thrust Structure by connecting
the link assemblies to the support brackets.

z._. 5.8.I.2 Cover Installat£on

The cover assemblies are installed on the platform assemblies

after the platform assemblies are installed on the Booster. The

cover assemblies are located on their respective platform assemblies
by means of the forward attach hole, one on each side. The covers

are adjusted for edge margin and the remaining attach holes are

transferred frc_ the platform assee_iy by using a hOAe Ix_e_'.

2.4.5.8.2,1

In the LOX an_ Fuel Tanks the b!Lnd holes for installation of the

platform support brackets are drilled and tapped in the detail
skin segments. The Hell-coil inserts are installed in the detail
skLn segments except at the pad locations adjacent to a weld, At
these locations the Hell-coil inserts are ir_talled after the com-

ponents are welded together.

Platform Installation

The Tunnels support brackets common to the LOX and Fuel Tanks are
fabricated complete. The support fittings, common to the platform
ends, have full size attach holes and two center support brackets

for each platform have the attach holes emitted. The Positioning

and Holding Fixture will be used to position and hold the center

support brackets for back marking from existing holes in the skin
fitted with threaded back-markers. The fixture is located and

held in place using the two attach holes conmon to the ends of the

platform section. (Figure 2-_. The fittings are identified for

location and position.

I
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2._.5.8.2.2

2._.._8.3

2.4.5.8.3.1

(Continued)

After back-nsrkin_, the support fittings are re_, the attach
holes are drilled _ reamed full slm. Care must be taken to

in the hole pattern det_ by the prick
After the Positioning and Haudllng e has removed the

fittings will be pe installed, _hia entire operation
for _

(with appropriate P_F) will be repeatedco,non to the LOX and Fuel Tanks and each spanning the

f_ Y-_. _th _ booster _ the __ 1_e ..

p_L_tf_ are attached to the Fuel and X_ Tanks by c_nnectlng
the llnk asse_lles to the support brackets.

Gover Installation

_tallatlon for covers for Fuel and X_X _knk Tunnels is similar to

the installatio_ Of c_ers in Paragraph 2._.5._.1.2.

The Xntertank Tunnel support brackets are located and installed in

the Final Assembly of the Intertank.

_l_tf_ _11_

In final asse_01_ _ of the Intertank, use DJ3-320-28000 to drill three
indexing holes, (one each common to the end support fittings _alch

attach to the platform side braces), and pilot holes for all the

remaining support fittings attach holes.

The support fitting details have one attach hole dr_lled corresponding
to the holes drilled in the Intertank by DJ3-320-_8000 except for
one end fitting on each tunnel at Station 6_.0_. These fittings
have the four attach holes drilled full size e_ordinated to

_:rDJ330-7_ and cannot be installed unt_ after re=oval of the
_ndling Tool HT 3?0-7292. These fittings are stored for later

installation. The t_ttAn_s are _it_one_ a_ _ by _ _B-
27230 (See Figure 2-00), and P,_BF 3_,..2_ (See ___Are 2 91;A_for
back dr_ling from the pilot ho_ _th_ee at each _tting;. ter

_ing and reami_ these holes to siN. _ent fas÷_.wrs are
installed through _ fitting. After removal of the PaHF, the remaining
hole in the installed fittings is reamed to si_e and the permanent
fasteners in_talled.

The forward Pressurization Tunnel Platform is attached to the end

support fittings and indexed to the _ilot hole in the platform beam
and the Intertank at Station 808._6, Back drill the platform beams

from pilot holes in the Lutertar_. Permanently ins_ fasteners
common to the beams. The remaining platfor_ asseablles are attached

to the support fittings.

.->-
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Figure 2-90 POSITIONI_G AND HOIDI_6 FIXTURE I_ERTA_K IES_TION

,11 4199

......... 1 2-13_



/
/

/
/

/
!

/

I

Figure 2-91 POSITIONING AND HOLDING FIXTURE - INTERTANK INSTALIATIOI:
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2._.5._.3.2

2.@.5.8.4

Govar. Yms _mllm_

The Zn_-'_mnel covm.s are ins_ the sane as
the IDI and Fuel Tank c_er8.

net available.
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2.5 OXIDimm (L0x) TA_ ASSmSLY

2.5.1

2.5.2

The _izer _ as_e_ly is a c_iosl __ vessel _-
_at_k_ thlrty three (39) feet in _tsr and slx_T-flve (65) feet
high. It oonslst_ of two (2) mJ_r s_se_llas _ a final
assembly. The two (2) _semblles outlined below are assembled
in a "dome up" position.

he upper head asseably consists _ the upper bulkhead assembly
dome-_), _ cy_ skin rin_ asse,_ wi_ related _'rle
asss_lies.

The l_er head assemb_7 consists of a lower bmlkhead assembly

(done -p). #i. #2, #3 _ylindrlcal skin ring assembly with related

baffle assemblies and the erucifonm baffle assamblT.

The final assembly ccnslsts mainly of the above uq_per head and

lower head assembled in the vertical assemb_v tower in an _.nverted

flight position. This final assembly will include the final parts,
of the baffle ins%allatlon, the GOX dlstrlbutor with related lines,

hydrostatic test and cleaning and close up of the _.

Joining these sub-assemb1_es _ sequence il!us+_a_ (see figure
A constant _n elevated work level is maintained at which all

vertical assembly welding, handwork and X-ray operati_ can be

accomplished with a minimum tool and equipment requirement cost.

anmAzmm _n.

The LOX tank cruciform baffle is a sheet metal structure in the

form of a cross that fits into the upper XEX bulkhead. Its purpose

is to minlmuze slosh and vortexing of the liquid _gen. The cruci-

form baffle consists of four sub-assemblies (cruciform quadrants ),
each composed of a triangular piece of sheet (.040) 7079 aluminum

_rlth stiffening beads formed into them vertical_ in relation to

launch position. AnsI_ a_ toe's are reiveted and spliced in+_o
e_ch _"udr=nt _ the entire sub-assembly. (See f_=ure 2-69). All

det_ii p_rts are manufactured by Wichita. The parts are shipped
to :_ich_d for _s_embly. One quadrant at a time _ be assembled
in a floor _,_u:ted vertical assembly Jig. (See figure 2-70).

C_:_lerentlal _Rir._=5afflm

The circumIerentlal ring baffles are ring-shaped sheet metal
struct_res that fit on the inside of the L0X tank adjacent to the

vertical skin tee stiffeners. (See figure 2-5@). The ring baffles

minimi_m slosh of the liquid oxygen. There are fifteen (15) ring
baffles _n the iOX tank, thirteen (13) of which are the same size

rand two (2) cantilevered ring b_:ffles of smaller size. The smaller

rln;_ baffles are located (one at the top and one.at the bottom)
adjacent to the cruciform baffle. (See fixate 2 71) All ring

A_ LI_E_VLW l-e.D5-12561



2.5.2 (Continued)

2.5.3

2.5._

2,5.5

baffles consist of four quadrant sub-asse_lles. The ring baffle

qu_irar_ts will consist of .0_0 sheet 70?9 _ with Lntegral

relnforcln_ beads formed radlally !n%o each seetlon of the quadran_

and riveted an_les, tees and splices. _e m_nu-

fact-_red at "_iohita. A11 rinj . . into
in a floor-zounted assemblyffAxture at _i_h_ad. CSee Fi_e 2-59).

_he and cruciform quadrants:
_re assembled floor-mou.ted asse_ly _tare. (See
figure 2-?1). The cantilavered ring baffle and eureiform baffle are
ter_rarLl_ positi_md iato lower XXE _alkhead (figure 2-71). They
v.ddl be 9er_anent_ asse=hled later in the High _ (vertical tank
asse_.hly_ buildln_,

GOX Di_tributor

The S_X distributor is a stalr_ess steel wire mesh _cr_ assembly that
fits into the _ of the upper l_X bulkhead, _he CEK dls_ter

consists of stainless steel scree_ and hea_,a]__ s_s
stee_ sheet welded together _ _ __ m_ited to the stain-

less steel. All detail par+_ are w_nufact_red at Wio_ita. All
_eldLng a_d assembly will be ._ichoud responsibility.

C_lindri_ _n Sec_Lon _ s-_v.... A_

The tank cylindrical skin section r__ng asse_l!ee each consist of

four (4) skin se_ts ten feet high by appr_te_y 26 feet long.

These are formed to contca_r by Wichita: cleaned, etched, conversion

coated, shipped to ;;icho_ and welded to_ether at that facility.

The skin section se_nents, a_t_r eo_ersion eoati_8, are transported
to skin weld fixture in a transportation dol_7. Skin s_ are
lifted in to po_itlon on a weld fixture, aligned, and weld plate
extensions attached.

The test weld fixture is positioned; test weld run, sawple parts
removed and the test weld certified,

ihe vertical weld fixtur_ is positioned: test weld sample _arts run,
reproved and main weld run and eertArled. (See Figure 2-57;.

The v_ical we_i_ of skin ses_ents into a _ skin r_£

ass_y is acc_lished _ welding and prefcrm._ the L_ _erati_
one se_m at a time, _ will rotate the assembly 90 de_rees between
walds.

A_ 8"#'A_'_r I-e. D5-12_61
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2.5.6

The circu_erential ring baffles are pro-asNmbl_ in quadrants,
These baffle quadrants assemblies are at÷_ohmd to the inner skin

2.5.7

buildup and will str_gthem the cylindrical akin ring auembltes
during handling $ta_e_.

Ring baffle quadrant ass_bli_. (4) per ring baffle as_
are positioned Indigldual_, drilled and _ attached to
skin tee stiff_ro. _ment splices aro dri]£od and
attached. Parts are rgv_ved, deburrmd. _ clean and roins_lled

with permanent fastarars, except as noted balew:

Rir_ bafTle quadrant ass_blios located near a oireumf_ttal
tank weld aria cannot be permanent._ attached durLng assemb_ _
the cylindrical skin and baffle assemb_ f_w_tre. These baffle
quadrants are _t_ attached after the tank asHmb]_ eir-
em_m,'en_ _ and conversion coating is _mploted at the tank

flnal assemb_ position. These baffles ave located and temporarily
installed in the sub-assemb_ f_xture by dr_ undm_ise holes

and tem_rart_ attaching with nylon r_vets, _leh will be sub-

sequently drilled out. The parts will be ramo_ed, designated as
a fitted part and reinstalled at the tank fina_ assembly tower

posltlo_.

Brace assu_llos and vertical stlffen_rs are _.itioned, drilled
and either permar_nt_ or tmupora_ attach_ while in the sub-

assembly Fixture. All temporarily attached parts are tagged and
controlled per fitted part and assembly proc_ture8.

Ma._or Co_onent CAaanL_ Facility

Information not available
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2.5.8 0XIDIZEB TANK ASSi_BXX

2.5.8.1

The _ Taak _ a qltndrical vessel w_th all_pso_al
shaped heads at b_th emdJ. The tank is fatn_utad of _,
_i_s a_ts_ 43,oo0 pounds _ _3 feet ln_,_ and
70 feet long. The tank oonststs of four __ _
assemblies, each 10 feet high and two beads 15 feet high. In
the lc_r bulkhead is a orucifom baffle ustmb_ made Of light-
weight al_nna panning, _lm_ the inside d_se+_ of-the

are 15 ring bafD.e assemblies made ._ _t
paneling. Along the inside diameter of the skins are 15
ring baffle ass_ made of light-welght _m paneling,
33 feet outsidee_-mter by 28 feet insidediameter.
bafflesprevent sloshing of the liquid _gen. No_d long-
itudinally in the ring baffles are four Welium bottles, 18 feet

long and two feet in diameter made of aluminum and used for pres-
surlzatlon of the fuel tank.

',_oer Tank _v

The upper _nk subassembly eonslsts of _he upper head assembly.
the number, skin assembly and four ring baffles. The overall

length i_ ?._ 'feetand _eight is Ii.I00 port.S.

a) Trans_ upper head assembly to vertleal _ _l_ing

on production dolly FrV 370-2_000. Open tank assembly t_er

air condi_g _urtain. Position loaded production dolly
over turntable AF _0_7016. Lover platform FP 370-

?530 _ from tomw hoist on hoist_Lng tool H_,_-T_I-2t_O00
onto upper head assembly. _.scennect h_s_ Tool H_
2_000 f_m personnel platform PP 3_O-7530 an_ attach to hand-

llng r!n_ ET _-2_000 (previously attaehed to upper head
assembl_.}, IAtt upper head ass_y app_mtaly I_ fee_
above _Arntable at _W)O-_016. l_ve _ do_ IPtD 37O
2_o0 and re_ to I_ ba_ a_,a. (see _ _-9_}

h) Transport ._o._ skln assmbl_ to tank asse_bl7 tower on

produ_tlon dol_ PrD 37_-2_ and _ositt_ over _tab_ AT
3OO-7016. Using hoisting tool HT 370-12300, lift _._o.t_ skin
assembly off production dolly PrD 3F0-_4000. Remove preduction

dolly PTD 370-2_000 and return to low bay area. Close
air _onditiening curtain. (See Figure 2-92)

c) l_er and position _._o.. skin asse_ly _to turntable AF 300
7016. Raise internal elevator for _k platform and position
external scaffolding. Remove hoisting tool HT _70-12300.

Lower and position upper head assembly to No 4 skin ass_b_4v,
siemultaneous_l_ installing routing fixture RF 310-12000 and
check radial alinement. Using _outer mounted on external boom

wa_aer trim Y-Ring and skin ring weld Joint edges simultaneously.

Remove routing fixture RF 310-12000 and llft upper head assembly
to provide access to weld edges. (See Figure 2-92).

m m mlqm, l._ O__
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2.5.8.2

(Continued)

d) De_Arr and edges for welding. _tall alinement

clamps Lower and position upper head assembly
to i;o. 4 skin assembl_ and cheek radial alinement, Dise,-

gage hoisting %ool HT2-370-24000. Position test weld fix_Are
T_7 300-2_OO0 opposite external boom welder and install test

weld sample parts, Weld and check samples. Position test

weld fixture TWF 302-7Y75 opposite internal boom welder and
install test weld sample parts. Weld and cheek samples. Re-

move t_st weld fixtures TWF 300-24000 and TWF 302-7575. (See

).

e) Position external and internal boom welders for weld_.

_e_In total;ion of turntable AF 300-7016. Inltlate _ wlth

external boom welder. After appr_imate_ eight feet _f weld
hkve been eompleted, initiate are with Interual bc_m welder,
Weld outside and inside simultaneously, outside le_ inside

by eight Feet. X,ray inspect. Manua_ repa_ welds and re-

inspect as required. Clean entire weld area and re-conversioB
coat. (See Fibre 2-92 ).

f) Using support fixture SF 318-12_, reinstall ring baffle ad-

Jacent to weld Joint, cantilevered ring baffle, and ring
baffle vortical stringers and diagonal struts (these baffles,

stringers and struts previously installed, removed, and stored on
lomr ring baffle. Remove support fixture SF 318-1240& and tem-

porary bracing KIT _18-12_O_.

g) Lower internal elevator aM remove external scaffolding. "Attach
HT2-370-2_ (attached to tc_er hoist) to handling ring HT-_I-

24000 (attached to upper head assembly). Raise upper tank s_db-
assembly to a hei@ht of 15 feet above turntable AF 300-7016.

Adjust temperature tower and open air cc_dltlenlr_ curtain. Pos-

ition production dolly PrD 370-2_0OO over turntable AF 300-7016.
Lower the upper tank subassemb_ onto dolly. D_sen_ge hoisting

Tool MT 370-24000 from handling ring HT 3?0-24000. Attach hoist-

i_gtool ._T2370-24OOO to personnel platform PP 370-7530 and raise

personnel platform to clear upper tank subassembly. Install

protective cover MIT 370-12100 over tank subassemb!y. Remove

loaded dolly from tank assembly tower and store. (See Figure

!_er Ta_. Su_assm_iv

The lower tank subassembly consists of the lower head assembly, three

skin ring assemblies (Ho's 1,2,3_, the c_uciform baffl_.assembly,

eleven ring baffles and four helium bottles. The overall length is
_ feet and wei_t _s 32,_O0 _ounds. |See F_gure Z-9_ )

.... &_ _ &r#'Al,, 1"*'''_ 2-139
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(continued)

a)

b)

c)

Transport No. I skin ring assembly to tank assee_
tower on production dolly PrD _?O-2_X}O and p_ttio, over
turntable AF _X)-?016. Using hoisting tool HT __00,
lift No. 1 skin rtPA assembly off produ_ttcm dolly PrD
370-21_000. I_moTe dolly and retu_rn to _ _ n,
Close air-conditioning cu_aln. (_ Figure 2-_Mb ),

d) Deburr and _ edges for welding. Y_ _inement

clamps _ _0-?:_6. lower and _i_i_n lover _ea_ assembly
m_ check r_lal allne_e_t. Disee_ ho_ting tool FIT2:.

370-P_O0. Position test _eld fixture T_ 300-_000

opposite ex+_ bo_ _elder and install test weld sample
parts. Weld and check samples. Position test _ fixtures

?_F 302-7575 opposite internal boom welder and install

test weld sample parts. Weld and check samples. Remove

test _id fixtures T_F 300-24000 and _F 302-757.5. (See
_Are 2-92 ).

o) Position external and internal boom _dders for welding.
Begin rotation of turntable _F 300-7016. Initiate arc with

external boom _alder. After ap_tely eight feet of
weld have been completed initiate arc with internal boom

welder. _e_ o_tside and inside slaultanec_sly, outside
leading inside by eight feet. X-ray inspect. _nually

repair welds and reinspect as required. Clean e_tire weld

area and reconversion coat. (See F_ 2-92)

_ a_m [_. _s-_ ,
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(Continued)

f) Using support fixture SF g

baffle adjacent to weld Joint

removed, and stored on ring baffle IC). Install curei-

• form baffle and cantilevered ri_ baffle, (IA) sub-
assembly (t_arily held in lower head assembly by

support fixture SF 318-12413) and all struts and ver-

timal stringers. Remove support fixtures SF 318-

12_13, SF 318-12_I, and temporary braoi_ _MIT 3/8-12401,
and temporary bracing IfIT 318-12401. Lm_er internal

elevator, and _e extez_al seaffo_lag. Attach hoisting
tool HT2-370-2A_ (attached to tower hoist) to handling

ring HT 370-2/_X)0 (attached to lower tank aubass_bly).
Raise lower tank subassemb_/ to a height of 15 feet above

turntable AF 300-7016. Adjust temperature in tower.
Open alr-conditioning eurtaLn.

g) Transport i_o. 2 skin assembly to tank assembly tower on

production doll_ PrD 370-24000 and position ever turn-
table AF 300-7016. Using hoisting tool HT 370-12300,

llft :_o. 2 skin _ssembly off produation doll_ PrD 370-
2Lt,O00. Remove dolly and return to low bay area. Close

air-conditionin[ curtain. (See Figure 2-95 7.

h) Lower and position 'o. 2 skin assembly onto turntable AF

300-7016. Raise internal elevator for work platform and
position external _caffolding. Remove hoisting tool HT

370-12300. Lower and position lower tank subassembly
(lower head assembly and ?,o. I skin _ssembly) to :_o. 2

skin assembly, simultaneously installing routing fixture
RF 310-12000. Check radial alinement, Using router

mounted on external boom welder, trim _o. 1 and _. 2

skin assembly weld joint edges simultaneously. Remove
routing fixture RF 310-12000 and ill% lector _ subassembly

to provide access to weld Joint _ges. (See Figure2-95 ).

i) Deburr and prepare edges for welding. Install alinement

clamps X.'_T370-7546. Lower and position i&_.I skin asse_

bly and check radial alinement. Disengage hoisting tool
HT2-370-2_000. Position test weld fixture TWF 300-24000

opposite external boom welder and install test weld sample

parts. Weld and check samples. Remc_e test weld fixture
TW_ 300-_OO0. Position _ boom welder for weldlng.

Begin rotation of turntable AF 300-7016. Initiate arc and weld

c_tsi_e. (See Figure _-_5)

Connect skate welder to power supply. Using test weld

fixture TWF2-300-24000 perform skin tee test weld (skate
welder, track and test weld fixture TWF2-300-24000 previous-

ly installed in I_o. 2 skin ring assemb_v). Check test weld

sample. Remove test weld fixture TWF2-300-2@OOO.

,,m m,,m ..,.,,.
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2.5.8.2 (Continued)

Position skate welder and weld skln toe's (168 tee's).

Remove skata welder and track. X-ray inapec_ circmm-

ferential and tee welds. !mnually repair welds and re-

inspect as required. Using trim fixture TMF 300-76_,

trim weld lead tabs off skin toe's. Deburr trimmed

edge. Clean and reconversion coat entire weld area.

Imlt

k) Using support fixture SF 318-12402 reinstall ring baffle

adjacent to _id joint (prevlous!M in_tal/ed, removed,

and stored on rink baffle 2A). ._e sup_ f_

SF 318-12_2, Lower interr_l elevator and remove ex-

ternal scaffolding. Attach hoisting tool HT2-370-2_00

(attached to tower hoist) to handligg" rln_ HT 370-Z_O0
(attached to lower tank subassemblY). Raise lower tank

subassemb_. (lower head assembly and _:o. 1 and [[o. 2

ski;, assemblies) to a height of 25 feet above t,Lrntable

AF 300-7016. Adjust temperature in tower. C_en air-

conditionin_ curtain.

I) Position nellum bottle inst_l]atlon fixture P_!F. 310

• ._12400, with one _ellu. bottle in posltio_ on turntable

AT 300-7016. Position _pp_r_ fixture SF 310-12_ on

turntable AF 300-7016. Close alr-condltlonin_ m_r_ain.

Lower the tank s_basse,9oly _8r helium bottle and onto

31 -iZ 0_. ,_si%g small jib crane onsupport fixture SF 0 4 _ "'

internal elevator, raise helium bottle into position and

im_tal_ _o_kwash6r and nut. _g JiD cz_e beQk into

elevator. Shift tower hoist to compensate for chang_ in

the center of gravity. Raise tank subaasembl_ to a hei[_t

of 25 feet above turntable AF 300-7016. Position _eco:_i
h_lium bottle into helium bottle installation fix_ure P_H_

310-12400. Repeat helium bottle installation sequent.

for second, third and fourth heliu_ bottles. Ins%al_

helium bottle plumbing. Raise tank subassembly to a

height of 15 feet above turr_table AF 300-7016. Adjust

temperature in tower. Open alr-condltlonlng curtain (Se_

m) Transport :_0, 3 skin ring assembly to tank a_sembly tower

on productlm do_ PrD 370-2_000 and position over t_Ar_
table AF _-7016. Using hoisting tool HT 3_0-123_ lift

NO. 3 skin ass_ off production dolly PrD 370-2_000.

Remove dolly and return to low bay area. Close out

air-conditloning curtain. (See Figure _-95 ).

n) Lower and position _.o. 3 skin ass_ly onto turntatl_

A.w 300-7016. Raise internml elevator for work platform

and position exter_ml scaffolding. Remove hoistin_ tool

HT 3?0-12300. Lower and position lower tank suhassemblj

(lower head assembly No. I and No. 2 assemblies rand helium

bottles to No. 3 skin assembly, simultane_s_ installing

routing fixture FR 310-12000. Check radial alLnem_nt.

I"" 2-I_2
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Figure 2-_IA - TmF-3OO-76h4 - TRIM FIXTURE -

SKIN roT" . STIFFENER CAin5
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2.5.8.2 (Continued)

Using router mounted on external boom welder, trim No. 3

and "to. 2 skin to skin weld Joint edges slmultaneous_v.
Remove routing fixture RF 310-32OO0 and lift lower tank

subas_ to provide access to weld Joint edges. (See
FigvxeZ-95

o) Deburr and prepare edges for welding. Install alinement
clamps _rrT 370-2546. X_w_r and position No. 2 skin ring

assembl_ to No. 3 skin assembly and check radial alinement.

Disengage hoisting tool HT 37(1-240(_. Positi_ test web

fixture TWF 300-24000 opposite external boom welder and

install test weld sample parts. Weld and check sample.
Renove test weld fixture TNF 300.24000. Position external

boom welder for welding. Begin rotation of turntable AF
7016. Initiate arc and weld outside

p) Connect skate w_Ider to power supply., Using test
fixture TgF2-300-24000 perform skin tee test weld(_te

welder, track and test weld fixture 'r,,'P2T3OO-2AH)O0 _e-
vlc_ml_, _talled in No. 3 skin assembly;. Check te_ weld
sample, Remove test weld fixture _-300-24000. Position
ska_ welder and weld skin tee's (168 tee's) Remo_e sk_

welder and track. X-ray inspect eireu_erential and tee
welds. Man.ally repair welds and re_ct as r_red.
Using trim fixtare TmF 300-76@4 trim _ lead tabs @ff

skin tee's. De_r _ edge. Clean and re-cc,verslon
ooat entire _mld _rea.

q) :sing support fixture SF 318-12403 reinstall ring baffle

adjacent to _ Jo_,+ (2C), vertical stringers and

diagonal struts _ba_L_j, stringers, _d struts previous_
installed, remove_, _nd stored on ring baffle 3A). Ins_ll

helium bottle upper support fittings. Remove support fix-
ture SF 318-12403, tempormx7 bracing _T 318-12402, and
helium bottle and ring baffle protectors _LIT 310-12400.

Lower internal elevator and remove external scaffolding.

(See F£g-are 2-95 ).

Tank A__se_2al:_ IClose Out)

The tank closeout operation involves joining the upper and

the lower D0X _ subasemblies, described in paragraphs 2.5_i
through 2.5.8.1 a)., and installing the ring baffle adjacent

to the closeout weld Joint.

a) ?.emove protective cover _T 370-12100 from upper _nk
sub-assembly. Attach hoisting tool HT2-370-2_OO (attached.
to 180 ton overhead crane) to handling ring HT 370-2#_00

(attached to _]ppertank subassembly). Remove forward tank

subassembly). Remove forward tank subassembly from

production dolly PrD 370-24000; place in inverting fixture
ME-370-2_0OO and invert.

E#, O I-',-
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(Contlnue )

c)

Position safety net FIT 318-1200C and internal personnel

platform PP 370-7510 into inverted forward tank. subassembly.

Place support fixture SF2 318-12'404 and ring baffle ad-

jacent to weld Joint (3C) on ring baffle _A in inverted

forward tank subassembly (ring baffle 3C to be installed

after closeout weld). Position skate welder track, skate

welder, and test wmld fixture _F2-300-2_000 in inverted

forward tank subassembly. (See Fi_,re 2-95 ).

Transfer hoisting tool HT2-370-24000 in tank assembly

tower frmm tower hoist to 180 ton overhead crane. Attach

hoistin_ tool HT2-370-2_000 to handling ring HT 370-24000

(attached to lower tank _ubassemtly). Raise lower tank

_bassa_bly (lower head assembly, :_o's. I, 2, 3, _kln

assemblies and helium bottle_) to a height of 25 feet above

turntable /av 300-_0!6. Adjust temperature in tower _zd open
alr-conditi_ing curtain. (_ee Figure Z-95 )

P_ Ation inverti_:_ fi_,,_ ",_E370-2_0OO _/xth inverted for-

ard taP_ sub;_e_b!I _r tmrntable AF 300-7016. Usin_

hoistinL" tool HT 3?0-i<300 lift forward tank subassmzbly

off inverting fixture ME 370-2_000 and remove invertin_

_ixture. Close air-condltioning curtain. (_ee 2-96 ).

d) Lower and position forward tan.'<subassembly onto turntable

AF 300-7016. Position external scaffoldind. Remove hois_

ing tool HT 370-12300. Lower and position lower tank sub-

assembly to forward tank subassembly, simultane_Isly in-

stallin C routing fixture RF 310-12OO0. Check radial _iine-

ment. Using rcuter mounted on external boom welder3, trir:

closeout weld Joint edges s_,itaneously. Remove routing

fixture ?_ 310-12000 _nd lift lower tank suba_5_hly to

provide access to weld Joint edges. (See Figure 2-96

e) Deburr and prepare edges for -welding. install alinement

cl_p _:IT 370-7546. Lower and position lower tank _vb-

assembly to upper tank _ubassembly and check radial aline-

ment. Disengage hoist__ng tool HT2-370-2_000. Pcsition

test weld fixture T._ 300-2_000 opposite exterrBl boor

welder and install test weld sample parts. Weld _nd check

_;_mples. P_move test weld fixture TNF 300-2L C00. Fosltior

external boom welder for _:elding. Begin rotation of turn-

table AF 300-7016. Initiate arc and weld _tside.

f) Cor_nect &kate welder to power suPPlY. "sing te:_t weld

fixture TWF2-300-2_OO0 perform skin tee test weld. Check

test weld sample. Remove test weld fixture T,,72-30C-2_00C.

Position skate welder and weld skin tee's (168) tee's.

Remove skate welder and track with 5 ton auxiliary tower

hoist. X-ray inspect circumferential and tee welds. _hnu-

ally repair welds and reinspect as required,

Ia =, 'I
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(Continued )

Using trim fixture T_F 300-76_, trim.,weld lead tabs off

skLn toe's. Remove trim fixture T_I 300-76_ with 5-ton

auxiliary tower hoist. Deburr trlm_ed edzes, Clean

and re-conversion coat entire weld area. - •

h)

Using support fixture SF2-318-12404, reinstall ring

baffle adjacent to weld Joint (3C) and vertical stringer_

Remove support fixture SF2-318-12_0_, temporary bracing

_:IT 318-12403, personnel platform PP 370-7SI0, a_nd safety

net FIT 316-12000 with 5 ten auxiliary tower hoist.

Attach hoistin$ tool HT2 370-2h000 (attached to 180 ton
overhead crane) to handling ring HT 370-24000 (attached

to tank assembly) and raise tank to a hei_t of 15 feet

above turntable AF 300-7016. Adjust tmmperature in tower

and open air-conditioning curtain. Position production

dol]_ PrD 370-2_OOO over turntable AF 900-7016 and lower

tank assembly onto dolly. Transfer holztin[ tool HT2-

370-24000 from..180 ton overhead crane to tower hoist.

Disconnect hoisting tool HT? _70-2_O00 from %rank az_sembly

a_ attach to per_;onne] platform FP 370-7530. Pamcve

personnel platfor_ PP _70-_530. _ove personnel platform

PP 370-7530 from tank assembly. Removes tar_ ass_b]_v from

tower. (_ee Fl_re 2-96 ).

_J_ing 180 ton overhead crane and hoisting tool HT2 3?0-

24000 lift tank assembly off production dolly PrD 3_0-24000.

Invert tank assembly and carry to H)_Iro_tatic Test and

Cleanin_ Tower. (3ee Figures 2-96 a 2-9? )"

9-



3. Position No. h Skin Assembly

_igure 2-_2 LOX TA}_ _GS_WLY (She_c i }f 5)

I D5-12561
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7. Eemovc U_per Tank Assembly
_. Luet_Ll Protective Cover

_F IL_..'_..|(''N

10.

37o- 19Zf_

_<w_r rT 370-7530 onto
LmweZ ;ic_l ?,_se_oly

->-



13.

!5.

Q Internal Boom Welder

Position External Scaffolding 14. Weld Lower Head Assembly
to 7o. I. Skin

___Ll_v._rruv__ 16. Weld _:o.ISkin Assembly to

':o. 2 Skin Assembly

Fosltion o. 2 5kin Assembly

I

Lottles

J

51evator

Fi_._re 2-9_

17. Install Heli,:m
Bottle

HT 3_0- 12300

18. Position 1o. 3 D

Skin Assembly

LOX TANK ASSE_.BLY (Sheet 3 of 5)

'' _,;A,, 2-149
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19.

21.

Ull 4BtI

It!
'_id _o's. 2 and 3

,5kin A_semolie_

_!......_,,_iI]_

Position Upper ana L--

Tank Assy in Vertical

HT 2-370-24000 ---" _

Turntable

Inverting

_70-24000

Return [_ger Tank Assembly to

_/er%ical Asse_b_ Tower

22. Perform Clc_e-aut Weld

I

Figure 2-95

Assembly

Ta_ Assy _to _i_ ILL,. Ilx_tk_ %.

<

2U. _e=eve iOX a _ I\

Assembly from _ ]\]_

Vertical Assy Tower ,_i_

IOl TANK ASSD!BLY (Sheet _ of 5)

,ae, 2-150
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25. Invert LOX Tank

A_sembly

/

27.

26.

Position LCX Tank Assembly onto
}_vdrostatic Test Tower

Lift LOX Tank Assembly

from Production Dolly

Transport L0X T_nk Assembly to
Hydrostatic Test and Cleaning Tower

29e Clean and

Hydrostatic

Test LOX

Tank Assembly

UI 4,11!

Figure 2-96 LOX T_:K ASS_9_KLY ( Sheet 5 of 5)

B m E'_gl--. o5-_91
IPaem- 2.151
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Figure 2-97 DELETED
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2.6 FORWARD SKIRT ASS_LY (See Figure 2-98)

The forward skirt assembly comprises that section of the first

sta_e of the vehicle which extends from the upper head of the

oxidizer tank to the second stage. The structure consists of

12 skin panels attached to three (3) circumferential support

rings. The skin panels are reinforced by ha%-sh&ped vertical

stringers. The upper circumferential support ring is the

interface between the first and second stage and contains the

gage-controlled hole pattern for 216 fa_%eners. Mechanical

fasteners are used at the "Y" ring to attach the forward skirt

assembly to the upper head of the LOX tank.

liorth American will fabricate a master gage and coordinate with

Boeing on tooling compatibility for the interface connection

between the first and second stages.

A small access door permits entry for servicing of installation.

An umbilitcl disconnect door is located above the access door.

Cutouts or attach fittings for the GOX, LOX vent, and electrical

cables are provided. The telemetr"j and command antennas are

attached to the hat stringers. Various other instrumentation is

placed within the structure.

2.6.1 Forward Skirt Final Assembly (See Figure 2-76).

The forward skirt assembly is assembled at Michc_d in an inverted

position using a major assembly fixture. The interface ring,

which is a built-up assembly, center and lower circumferential

rings, each consisting of six segments, is loaded into the

fixture. The interface ring splice angl_s are attached to the

interface ring segments to form a continuous ring. The 12 skin

panel assemblies are located around the fixture by tooling holes,

with _he upper edges of the panel resting on the interface ring

and the lower end common to the "Y" ring Joint resting against

a dummy ring. The installation of the three index pin fittings,

drilling and reaming of the 216 attaching holes, and installation

of the necessary optical targets are accomplished at this_ooint.

The vertical positioners are then planized to a plane of _ .OlO

in relation to the interface ring before removal from the fixture.

The forward skirt assembly is then removed from the assembly

fixture. The brackets, clips, etc., for holding instrumentation

are installed. The telemetry and command antennas and all

instrumentation, installation of which is feasible and required

prior to final assembly, are installed at this time.

u$ Ut!
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Hat Section Flight Dlreetlon

Figure 2-98 FORWA_ SKIRT ASSEM_Z
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2._.2

2.6.3

2.6.4

skin P_el =S=ub-A_se..=.b:ky

The skin panel sub-assembly req1_res three sub-amsembly fix-

tures which are floor-mounted. The upper skin (conical in
shape) and the lower skin are loca_ in the first fixture by

tooling holes which are established in detail fabrication.

The hat-shaped stringers are located in the fixture and the
tapered spacers are bonded or tack riveted to the stringers

prior to assembling the stringers %0 the skin p_nels. The
skin panel assemblies are then removed and placed in one of

the reflecting assembly flxt-_-es for completion. The access
doer, GOX line, LOX vent, etc., opznings are routed and the

supporting structure installed whi_le the skin panel is in the

second skin panel sub-assembly fixture, The stamiard skin

panel assemblies are completed in the third skin pamel sub-
assembly fixture.

Acce_ And Umbilical Door Assemblies.

33_e access door assembly ana umbilicel door assembly are
assembled in individual fixtures. Irmtallatlon of the doors

is made in the final assembly flxtuz_ or plck-up position.

Shipping And Ha_il_ng

The forward skirt assembly is removed from the final assembly

fixture _nd placed on the shipping and handling fixture in an
inverted position. The forward skirt assembly and attached

shipping fixture is then placed on a barge for shipment to
:hrshall Space Flight Center.

Upon arrival at _rshall Space Flight Center, the forward
skirt assembly is inverted to flight ;_eition and located on
a holding fixture while being inspected The forward ring
adapter is then attached. .The compleTu_l assembly then moves

into the structural assembly tower.

u= 4mr!

|
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Fin

Fairing

Sta 216.A

Fairing

Sta 115.5

Sta A8.5

Heat Shield

Figure 2-99 _nyine :_iring and Fin

0 0 _J_O !_e- D5-12561
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2.? FIN A:_) FA_I_JG

The Fairing (Figure _-_) is a conical]j- shaped structure that
attaches to the Thrust Structure at each outboard engine

location. The Fairing partially covers the outboard engine,

houses the retro-rocket and the actuator support structure.

The Falri_ extends from stage station 48.5_ it is approx-
imately I_ feet wide and 8 feet deep. It weighs apprex-
imately 15OO pounds. Construction is similar to convent_nal
riveted and bolted aircraft structure. Below Station 115.5,

the components are primarily titanium alloy. Above 8tatlon 115.5,

the components are primarily alumiraxm alloy.

The Fairing divides at Station 216.4 into an upper and lower

Fairing. Each of these assemblies ia interchangeable at attach

points. The lower Fairing attachments consist of two fixed

fittings at Station 115.5 and six llnk flttin_s for attachment

to the Thrust Structure and two pins for alinement of upper
Fairing. The upper Fairing attac_ts consist of six llnk

fittings and a hook for attachment to the Thrust Structure, and
two holes for allnement with the lower Fairing.

The Fin is an airfoil structure that attaches to each lower

engine Falrin_. The Fin extends from stage Station 8_0 to
216.L_. It is iI_ feet high, Ii_ feet long, 15 inches wide at

the inboard end, four in_he_ wlde at the outboard end and weighs

511 pounds. All ex_m_ components are titanium alloy and the
internal cce_enents are aluminum alloy. The spar protrudes
from the Fin and attaches to the Fairing frame at Station 115.5

(Fixate 2-]O_. Clo_ure angles attached to the Fin skin bolt

to the Fairing skin. The Fin is a replaceable item.

_._wer Fa_r_u_£ and Fin

Lower Fai_-'A_,_.Station 48.5 - Z16.4 (60B16090)

2.7.1.2

A production break is _e in the lower Fairing at Station 115.5.
That portion of the lower Fairing below this station is called

the lower Fairing Sub-assembly and is assigned the number 6OB

16090-1-901. That portion of the lower Fairing above _z&s
station is called the center Fairing sub-assembly and is assigned

the number 60B16090-I-902.

_wer Fairln_ Sub-Ass--_lv. (60B16090-I-901)

2.7.1.2.1 S%atlon I15.5 Frame 60B161_

This frame (Figure 2-100) forms the basic structural tie between
the Thrust Structure and .the Fairing and between the Fairing and

Fin. It consists of two segments machined from aluminum plate;

a steel center segment to which the Fin attaches, two steel

tewminal fitkings which attach to the support assembly on the

Thrust Structure_ chords and shims.

_ _#AM_ Iwe. D5-12% I ->-
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2.7.1.2.1 (Continued)

The terminal fittings include undersize holes _mmon to the

support assembly.

The details are indexed and clamped in A_ 3_5-16150 which is

coordln_ted to TT _5-16150. The t_ fittings are ir_exe_

to contour and edges. All fasteners are ins+ailed _ the

details _ clamped in the Jig. Holes through the center

ccm_non to the Fin spar are drilled undersize from a drill plate.
The frame is lifted from the tool with HT 370-16000. (Figure

_I03 ). The holes cam,on to the Fin spar are not shown on the

Engineering Documentation for the frame. The assembly is there-
fore assigned a _)O0 number(6OBl6150-1.9OO).

2.7.1.2.2 Station 66.75, Frame Assembly.

(Figure 2-103 ). This is the major structural frame in the

portion of the Fairin_ which cantilevera bel_u the T_rust
St_Jcture. It consists of a titanium alloy chord and a welded

hastelloy truss assembly. The truss consists of a series Of

tubes _nd plate_.

The truss details are indexed in AF 3_5-16110 and welded

plete. The AF is a trunnion mounted picture frame tool which

allows optimum access for welding. After welding, the truss

assembly is reindexed it.the same fixture, the chord is loeated

and the fastener holes are drilled from drill plates with a

positive feed drill. Selected fasteners are installed while

the truss and chord are clamped in the fixture. The frame is
lifted from the tool with HT 370-16000. (Figure 2-10@ ).

2.7.1.2.3 Titanium Frame Assemblies. (FimAre _-Ii_ )

These assemblies are located in the lower Fairing sub-assemblies

at Stations _8.5, 83.5 and 100.25. Each frame is composed of

titanium alloy chords and webs.

The intercostal attach angles shown on the Station 83.5

Engineering Documentation are not included in the production as-

sembly. Omission of the angles on the sub-assembly allows the
intercostals to be located later to align with the external

stringers on the Fairing. This frame is therefore assigned a

900 number, (60_6130-i-9e0).

One tool, AF 345-16101-903, serves for assembling all three of
these frames. The details are located, clamped and drilled from

plates with a positive feed drill. Selected fasteners are in-
stalled while the detlals are clamped in the fixture.

2.7.1.2.4 A_r Scooo Assembly. (Fieure2JlO_)

There are four air scoops on each lower Fairing assembly. Eaeh

air scoop consists of a skin, a doubler, an attach angle, a cen-
ter frame called a splitter and two end frames each consist of a

, 8',_,__W',.La_A'O !_,, 0_12%1 .___ .__
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2.?.1.2.L (Continued)

web, a chord, doublers and fillers.
_lloy.

All details are titanium

The end frames and the splitter details are located and

clamped in, their respective assembly fixtures, AF2, AF3, and

AF_-3_5-16500. Fastener holes are drilled from drill plates
with a positive feed irill, and fasteners are installed.

The end frame and splitter sub-assemblies are indexed and

clamped in AF 345-16500. The skin doubler, attach angle and
a drill plate are indexed and clamped. The fastener holes
_re drilled with a positive feed drill. Selected fasteners

are installed while the components are clamped in the jig.

The assembly is removed from the Jig and remaining fasteners
are installed. _

2.7.1.2.5 Assembly of Lower Fairin_ 5ub-Ass_bly Sta. 48.5-i_5._ (60_._0
90-1-901) (Figure 2-i0_) _ .....

The follo_&ng assemblies and details are included in the lower

F_,iring sub-a_sezbly: frame assemblies at Stations '48.5, 66.75,

_3.5, iO0.25, and 115.5; t_m close-out channels; angles for
attaching frames to close-out channels; intercostals which lie

between frames and consist of channels or webs, chords, and

attach angles ; skins ; external stringers, and four air scoop
assemblies. All details not previously sub-assembled are
titanium alloy.

The Station 115.5 frame is indexed in AF 3A5-16101-901 to the

undersize holes in the terminal fittings. The AF is coordinated
to TT 345-16150 for these hole locations. The close-out channels

are indexed and clamped to the fixture and to the Station 115.5
frame. The remainder of the frames ar+ indexed to the fixture

and clamped. The attach angles common to the frames and the
close-out channel are located, drilled and fasteners are in-

stalled. Each intercostal is fixture located, drilled and fastened

with permanent fasteners. Positive feed drilling is provided

where allowed by accessibility. The air scoops are located and
clamped when the adjacent intercostals are drilled febore the

air scoops are removed from the assembly. This completes the

basic structure of the sub-assembly.

One of the Fairing skins is located and clamped. One external
stringer is located and clamped to an external drill bar and the

fastener holes are drilled with a positive feed drill. Addition-

al stiffeners and skins are applied and drilled with fixture
located external drill bars until all holes common to the external

stringers have been drilled. The stringers are removed from the

assembly and deburred after drilling. The holes common only to
the frames and skins are then drilled from external drill "plates

which index to holes co_on to the stringers, frames, and skins.

The skins are then removed for deburring. The skins and

_o o a  N_m I..,.,,.
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2.7. I. 2.5 (Continued )

2.7.1.3.2

2.7.i.3.3

stringers and air scoops are re-applied, located and clamped

through the previously drilled holes. The remaining holes

common to the air scoop are drilled. All fasteners are in-

stalled completing the sub-assembly. Handling fittings, }_T

3?0-16000, are bolted to the assembly and HT 970-7116 is used

to llft the asaembly. (Figure 2-106 )

C_nte_ Falrln_ Sub-As@_ S_. ].15.5 - 2/6, 4

Aluminum Frame Assemblles.

Three alu.mlnum frame assemblies are located in the center

Fairing sub-assembly at Stations 152._5, 183.89 and Z16.4. Each
of these assemblies consists of chords and webs.

The intercostal attach angles shown on the Snglneering D_cumen-

tatlon are not included in _ pr_uctlon assemblies. The

angles are omitted to allow location of Intemcostals to match

the exterr_l stringers during a later assembly operation. Each

one of the _rame_ noted _s therefore assigned a 900 number

(60B1619o-1-_0, 6CBI:_160-I-900, 60B16198-I-90_).

The details of each frame are indexed and clamped in the

applicable assembly fixture. The fastener holes are drilled

from a drill plate. _lected fasteners are installed while

the details are clamped in the assembly fixture. _ _5-16190

assembles the frames at Station I_2.45 and 183.89. AF 345-16198

assembles the center F_irlng frame at Station 216.4 is co-

ordinated to TT 3_5-16135 for contour. The frames and the

assembly fixtures are similar to those shown in Fi_Ires 2--.1.17 ).

l_!tercQst_l Tube AsBem_blles.

Four intercostal tube assemblies are located in the center

Fairing area. The assemblies attach to the Station II_.5 frame

and to a fitting near Station I_2. Each assembly consists of

an alu_dnum tube with a gusset welded into a slot at each end.

One ass_mb b' fixture, AF _5-16628, is used to position the

components of each assembly for welding. These assemblies are

not included in the center Fairing subassgmbly.

Assembly 0,_." C_tgr Fairlnz Sub-Assembly (Fix. _-In7 ) eta. ]_15.5

The center Fairing sub-assembl_ c_nslsts of three frame assem-

blies, six formed frames, two close-out channels, angles for

attaching close-out channels to the frames, and intercostals

that lle between frames. These consist of webs, chords,

attach angles, skins, and external stringers. All details are

aluminum alloy.



Over _ of O_.i_

Hoisting
370-7116

MITA-370-16000

MIT370-16000

||

Figul'e 2-106- Handling Too]

Lower Fairin_

0 _ IIMMO l-e, D5-12561



C_nter Fairing

_ Drill Plates AF-345-16101-902

Figure 2-107 ASSEMBLYFIXTUEEFORCENTERFAIRING

!

_ AFd'N_P' I.o. D_.]2561 =-_

.... J'&'A,, 2-168

->-



2°_.1.3.3 (Continued)

The fittings along the close-out channels to which the link

fittings attach are not included in the sub-assembly.

The close-out channels are located and clamped in assembly
fixture AF 345-16101-902. All the frames are located and

clamped in the fixture. The attach angles common to the frames

and close-out channels are located, drilled, and permanent
fasteners are installed. Each intercostal is fixture located,

drilled and fastened with permanent fasteners. Drilling is

from apply type drill templates and from pilots with hand drills,

This completes the basic structure sub-assembly.

The external stringers are temporarily located on the basle
structure to match the intercostals and frames. Faster

locations common to the frames and stringers are drilled pilot
size from a small drill plate which indexes to the frame and

the stringer. The stringers are then removed.

Each skin is located, clamped and drilled pilot size from the
pilot holes in the frames. A stringer and an external drill bar

are indexed and clamped to these pilot holes. The remaining

fastener holes in the stringer are drilled full size from the

drill bar. The stringer is then removed from the fixture. This

is repeated for each stringer. The holes common on_ to the
frames and skins are then drilled from horizontal external drill

plates which index to the holes drilled through the frames at

the stringer locations. The skins and stringers are deburred,
re-indexed and the remainder of the fasteners are installed

completing the sub-assembly. Handling Fittings MiT4-370-16000

are bolted to the assembly and MT 370-7116 is 'ased to llft the
assembly. (Figure 2-106 ).

2.7.1.3._ Ass emblv_ l_wer FaKing Sta_ _,3 to Sta. 216,4 (60B!6090)_.

The completion of the lower fairing asssmbly is accomplished

in the final assembly po_)ition.

2.7.2 FAn

2.7.2.1 Forward _ Assemblies

These assemblies extend from the spar to the leading edge

connecting with the spar at Fin _tations 37.191, _7._00, 57.609
and 67.819. Each rib consists of the following alumin_ alloy

details: a web, two chords, and four tee stiffeners.

The details are loaded and clamped in an assemblyfixture.

(Figure 2-108 ). A drill plate and a hand drill are used to
drill all the holes. Selected fasteners are installed prior to

removing the assembly from. the fixture.

The following assembly fixtures are used to assemble the forward

ribs :

a D 12 1__
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2.7.2.1 (Continued)

AF 345-30301, Fixture Assembly, For_mrd Rib Fin Sta. 37.191.

AF 3_3o3o2, PiKtmre Assembly, For.ard Ri_ Fin Sta. _7._00.

AF 3_5-3o3o3, Fixture Assembly, F_ Rib Fin Sta. _7.609.

AF 345-30304, Fixture Assembly, Forward Rib Fin Sta. 67.819.

2.7.2.2 Aft Rib Assemblies

These assemblies extend frcm the spar to the trailing edge beam
and are located on Fin Stations _7.191, 47.400, 57.609 and 67.819.

Each rib consists of the following aluminum alloy details: a

web, two chords, and four tee stiffeners.

The details are loaded and clamped in an assembly fixture.

(Figure 2-109. ). A drill plate and a hand drill are used to
drill all holes. Selected fasteners are installed prior to re-

moving the assembly from the fixture.

The following assembly fixtures ame used to assemble the aft ribs:

AF 345-_O2i2, Fixture Assembly, Aft Rib Fin Station 37.191.

AF _5-30203, Fixture Assembly, Aft Rib Fin Station 47.400,

AF 3_5-30204, Fixture Assembly, Aft Rib Fin Station 57.609
AF 345-_O205, Fixture Assembly, Art Rib Fin Station 67.819.

2.7.2.3 Fin Tip B_Itm.Assembly

The tip beam consists of the following titanium alloy details:
two chords, a web and a tip channel. The details are located

and clamped in place with the drill plate in AF _5-30400. The
drilling of this assembly is accomplished with a drill plate and

a positive feed drill. Selected fasteners are installed prior

to removing the assembly from the fixture.

2.7.2.4 Tra%,lin_,Edge Beam Assembly

The trailing edge beam consists of the follIwing titanium alloy
details: two chords, a web, stiffener angles, a filler angle

und a close-out angle. The detlals are located and clamped in

place _ a _ plate in AF )W,5-302C0. The dr_ of this
assembly is accomplished by the use of a drill plate and a pos_ive
feed drill. Selected fasteners are installed prior to removing

the assembly from the fixture. (Figure 2-10 ).

_J) Mll

2.7.2.5 Spar Assembly

The spar oonslsts of tMe following aluminum alloy details: two

chords, a web, stiffener angles, fillers, and laminated shim

stock. The assembly fixture is AF 3_5-30100. (Figmre 2-111 ).

The forward stiffeners, web and chords are located and clamped.
The holes common to the web and chords are drilled from a drill

plate with positive feed drills. The drill plate Is removed and

m m mp , ,
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2.7.2.5 (Contlnued (

2._.?.6

us nil

the drill fr,_me is IOaJe_i, The aft stiffeners, lsz_ir_ted

_';izs a:d fillers ;-reloaded _z,d cla_ped.

The hole_ in the stiffeners are drilled from the drill frame

_:ith positive feed drills. The drill frame is removed and the
aft ztiffener}_ are dimenslon_lly adjusted by r_ovin[ strips

of the _hi_ _ required.

The hole:_ co_:_.0nto the Fairing fringe at sts2e Station ll_.5

_re drilled -.,_thpositive feed d,_ills from a drill plate
-_ich i_ coordinated to IT 3_5-16150. Selected fasteners are

i:'._tall_dp:-ior to re_ovir_': the :_enb]¢, frc_ the tool.

The Fin i':: co_c:,ed oC _ _par, ;2. trailing edge beam, a tip

be_--_,built-up and formed internal ribs, skins, a leading edge
insert a_ ch_.c.nel,close-out an_le_ cov.._onto the Falrin_,

ntercost_l_, _Is _ellaneous :-n_le-;,and fillers.

.,,ea'_se__I fixture is AF 345-_0000. PP4-370-16000 is _,sed
_:ith the ass_n,bly fixture. (Figure 2-112 ). The assembly

fixture is coordinated tc "r_] 345-3OOO0 for contour and holes

co_:,nonto the Fairing. l}:e attach hole_ co_m_:ozto the Fairing

_:'e In the clo=e-out an:_lea "and the spa/'. The spar is located

a:_d cla,'_ed i': the fixture. Primary index is from the ur_er-

.ize hole:_ i:: the _r cor_on to the Fairing. _e trailing

ed_:e bean is located, i]_e aft ribs are located a.i clmnped to

the stiffeners on the _par and trailing edge bea_. Fastener
holes common to the ribs are drilled by hand from pilot holes
in the stiffeners.

The leadin,_jedge channel is located and clumped on the leading
ed_Te drill plate. The for_yard ribs are located to stiffeners

on the _r and _ins or. the leading edge drill plate and clamped

in position, The holes co_unon to the :-i'c_ are d_lle_ b-'_hand

from Filot hole= in the sp_r :_tiffener_. _e hole_ cosmos to

the ribz and leadi_ ed;e channel_q cre drilled undersize fro=,
the leadLn;S edge drill plate. A tack rivet is installed in

one hole con'_ to each rib and the leadin;_ edge channel.

The interco,:t_Is are located and clamped in position. The intar-

co_l_ _"are held in position by the installation of one tack _Ivet
at each intercostal and rib intersection. The splice plate is

located and bonded in position. All fasteners not co_on to the
skLu are installed. One aft skin is located and clamped. ;d_l

holes except holes come,on to the closure a':cle and skin az-e

drilled frc¢_ drill plates _ith positive feed drills. The _kin

is r_-oved and the opposite side skin i_ located, clar?ed, and
drilled. One set of (three) forward skins, the leading edge

insert, and fillerz are located and clamped. The holes co_on

_175
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2 _ (_nt_u_)

The six fittln_s which attach the llnk fitting to the Fairing

include an undersize hole ommnon to the link. These fittings

are located from this hole :_d shlr_ed co:mnon to the closure

beam. Fastener holes common to the closure bea_ are drilled

and fasteners installed. Thi_ co_letes the basic st_acture

of the lower Fairing. The undersize holes in the fittings

newly installed and the undersize holes in the terminal flttin@

on the Station 115.5 frame are now reamed full size from the

fixture. The alinement p_n holes common to the upper Fairing

are drilled from the fixture and the alinement pins are In-

stalled. The holes co_rmn to the Fin closure an_le are drilled

:u_ersize from the external drill plate and the drill plate
ms renoved.

The F_u ms secured to the adjustable support table and moved

into rough position on the Fairing. The position of the Fir,

is adjusted to achieve the best possible alinement with all
undersize att_.ch holes. _he Fin is then checked optically

for alLnement per engineering req_:irem_nts. Additional ad-

justmlmts are _,ade a_ required. The hole pattern common to

tLe F_,n spar and the Station i15.5 fraz_e is then feazed full

zize f:-o_,a _/ril3 plate which is applied to the joint, and

bolts ore installed, l_e holes co_r,on to the Fin closure

an_le are rea:_d full size and bolts are installed. The Fin is

then rechecked fur conformance to the alinement requirements.

The fin is unbolted _nd tr_nsfemred to the Fir. shipp_ cradle,
65563-17, a _Tound system: desi_m tool, (Figure 2-116 ). This

cradle is also _sed as an -nplant transportation doll_.

The Fairin_ is removed from the tool with HT 370-7116, (Figure
2 -106 ) and held for a _bs_uent check with the upper

Fairing.

2_7_ _

2. :.::.l

Three al,_inu_, frame a:;se,_blies are located in the upper Fairing

" " , . Each of the_e ass'e._liesat stations 21o..., 2_;7._ and 279 _

consist Of chords and weos.

The _ntercostal attach ancles shown on the EnglueerinE Doc.&nent-

ation are not included in the production asse_bly. The an_les

are om_Itted to perait location @f intercostals to _atch the

external stringers durinj a later assembly operation. _ach one

of the frames noted is therefore assi@ned a-900 nu_ber,

60B16135-l-pO0, 60B16201-1-900, 60B16204-1-900.

U) M11

The details of each frm_'_e az'e indexed and clm_ped in the

applicable assembly fixture. The fastener holes are dz'illed
froz a drill plate. Selected fasteners are installed while the

details are clasped in the assembly fixture. AF 3_5-16135

0 0 IINO [.o. n<-]_l__._ _-

['9" " ;:-fnl



Shipping Fixture
65B63017

Figure 2-I16 - Sh_ppin_ ri×ture For =in Assembly
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2._.4.2

(Contlnued)

assembles the upper Fairing frame at Statlon 216.4. AF 3_5-

16201 assembles the i_am_s at Statlon _7.8 and 279.8. The

assembly fixture at Station 216.4 coordlnates to TT 3_5-_!35

for contour.

The Upper Falrin_ c_r_Ists of a basic stru_e, s_, external
stringers, six llnk support fittings and a hook _ to the
receiver installation an the Thrust Structure. T_ basic

structure consists of three frame assemblies, ten formed frames,

c_Se-out channels, angles Nhieh attach %o the close-out channels
to the frames; also intercostals which consist of tee sections

or webs, chords, and attach an_les, and two closure pans and

attach an_s.

The upper Fairing is assembled c_le_e in AF 3_5-16102,
(Fi_ 2-11B). t_G 345-16102 cooridnates the s on the

fi_ for li_ _u_or_ fit_ngs, the _ fi_, _ for

dril!in_ the holes co_n to the alinement plr_ once I_
Fairinj. TT 3_5-I_I_5 coordinates the _ntc_r at Statlon _._.
The close-_t chan_els are located and _ _ the f_.
All the fra_s are located and cl_,ped. The angles co_c_ to the
frames and _e close-_t channels are located, drilled, and per-

_enent fasteners ar_ installed. The cl_.._-e pans are loea_

and clamped. Attach angles common to the closure pans are

looated and clamped. Attach angles common to th_ closure pans

fasteners. Drilling is fret, apply type drill plates and from pilots

_th hand drills. This completes the basic s_ruc_]re.

The external strln_rs are t_m_orari_y located on the _asic
st_cture to _atch the Intercostals and _r_,e_. Fa_te..er loca_ic_s

co_on to the frames and stringers are drilled pilot size from a

s_all drill plate which indexes to the frame _d the strln_r.

The Strln_e_s are then removed.

Each skin is located, clamped and dr_lled pilot size erom the pilot

holes in the frames. A stringer and an esternal drill _ar are

indexed and clamped to these pilot holes. The r_:_ir_ng fastener
holes in the stringer are drilled D__,IIsize from the drill Lar.

The stringer is then removed fro_ the flxt,_re. _his ms repe_,_ed

for each s_ringer. The holes common o'_l_rto the fra_,,e_and skins
are then drilled from horizoztal exterral drill plates which

index to the strir,-er locations. The sk_n_ and stri,:sers are de-

burred, rei_exed, and the facteners are Lnstallcd to complete

the basic str-cture.

_,, _ee
...... !



Upper Fairing

Assembly

II

Assembly F_e J

AF-3&5-16102

Figure 2-118 sembi,, _ ......"pp_u_ ai_':n.
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) 2.7._.2

2.7.5

2.7.6

(Contin_)

The six link support fitting includes an mm_alze hole com_oa

to the llz_. These fittiz_s are located _ th_ _ a_nd

shimmed _on tO the Fairing Fastener holes
to the Fairing structure are ___ed _ are _talled.

The hook fitting is fixture located, drilled, and.
fastened, The undersize holes .in the _

reamed full size frma the fixture to complete the assemb_.
_IT3-370-16000 handling fitting are bolted to the asaemb_

hois_ tool HT _0-.71!7 is used to llft the assembly from
the tool (Figure 2-119 ),

Allnsm_t

The upper and lower Fairing are positioned and indexed on _SG-

3_5-711_. Alinement and fitup are
checked at this t_ to ensure

Upon completion of this check , the are transferred

tot he Falrir_ shipping cradle, a ground su_
de.ign tool. (Figure 2-120 ). This cradle is also _sed as an

Inplant transportation dolly.

Fin & Fai.rln_ F_ster _O01ina

Faster tools are _sed to control the interchangeable and re-

placeable features of the Fairing and Fin. A gemeral
description of these tools follows,

a) _rO _-7n4 (ZA_ure 2-1al _;

This gage represents the support and receiver assemblies

on the Thrust Structure, including the llnk fittings at

the link Joints. _is is the basic gage for the Fairing
to Thrust Structure Inter'face.

b) t_o _s-_6o9o (Fi_rQ 2-122),

This gage represents the attach fittings on the lower

Faleing less the llnk fittings at the link Joints. This
gage is eoordirmted to MrSG 3_5-711@.

This gage represents the attach fitting on the upper Fairing

less the link fittings at the link Joints, This gage is co-
ox_inated to _rSG 3_5-?I14.

d) _so 3_.5-3oooo. (Fi_r). 2-123)

This gage represents the fin Side of the Fin to Fairing

i''a 2-186
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2.7.6 (Continued)

2.?.7

2.?.?.I

2.7.?.2

us M_I

d) Interface. This is the basic gage for this interface.

f)

This gage represents the FaAri_ aide of the Fin _ Fairing
Interface. This gage is •coordinated to ._SO 34_30000.

TT _S-161_ (F_ _-124)

This tool rep_ments the Station 115.5 plane of the

Fairing. The Fin to Fairing attach points are £n_ in

the tool and are coordinated to _SG 3"5-?I14. The Fin

to Fairing attach points are included in the tool and
coordinated to P_G 345-30000. C_ntour in the area of _e

Fin closure angles is also coordinated to MrSG 3_5-30000.

g) TT _5-16135 (Fl_re_ Z-124_

This tool represents the Station 216.4 plane of the Fang.

The location of the pins which aline the upper Fairing to
the lower Fairlnl are included and are e_ordlnated to MrS@
_5-711_. Contour is dimensionally controlled.

i'_G 345-7109 (Figure 2-125 ). This tool is used %0 install

the support assembly on the Thrust Structure. It is co-

ordinated to hrSG 345-711_.

Sta_e Installation Fin And Fairing

SuvDort AsMmblv.

The su_ assembly consists of a series of machines fittings
bolted to the Thrust Strueture. The Fairing is bolted to the

support assembly. The f_ttlngs which constitute the suppor_

assembly include undersize holes commc_ to the Fairln4 attach
points. _rO _5-7109 is used to Ir_ta11 the _Ittin_s on the
Thrust Structure Jig position. (Figures 2-126 and _-127).

The fittings are located and clamped on the l_G, indexing to t_
undersize holes common to the _rust Str,_c_,re. The !_ is in-

dexed to the Thrust Structure Jig for vertical and rotatlc_al

location, to the Thrust Structure for inboard - outboard

location. It is leveled with a spirit level to establish a
vertical axis.

When the _G has been properly indexed, the fitting is shimmed
and the fastener holes common to the Thrust Structure are drilled

from the tool with power feed drills. Permanent faste_er_ _e

installed and torqued. As a final ope_mtlon the undersize holes

common to the F_Ixlng are reamed to ft61 size from the fixture.

P_celver Assembly.

The receiver assembly is attached to t_e _st Structure in

.....m m m.#e 1::, ..>.
I 2_192
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2.?.?.2

iI

the area where the Thrust Structure Joins t_ _"-_. The

_ce_ver assembly includes a pin whieh engages the hook on
the _ Fairing. Tke receiver assemb_ _ ir__ after
the Thrust St_cture has been Joined to the Fuel Tank. _J
322-T_67 (_ Figure2_128 ), is used to ins_ the recelver

The _J indexes tO three of the support assembly fittings
previcus_ installed on the Thrust Structure. The LDJ is

coordL-mted to l_SG 3_5-711_.

The receiver asse_ly is located and clamped on the LDJ. The

LDJ is _exed and pinned to the support assembly. Shims
are _talled between the receiver and the Thrust Structure
and the fastener holes are drilled from LDG. Fas_rs

are ins_ completing the reoeiver in_tallat£on.

2.7.7.3

The Fairing is supplied ready to bolt on the vehicle with no

metal _ttLug operations, !_o special tools other than the

holstLsg tools, HT 370-7116 and HT 370-7117. and adequate

3caffoldd_ng are required.

2. ,".7._

The Fairing £s supplied ready to bolt on the Fin. Xo special

tools other than the hoisting tool fiT 370-7115 and adequate

scaffolding are required.

2.7.?.5 Seal _emblv.

The seal assembly consists o£ a series of sheet metal plates

and rubber seals. The seal bolts to the Fairing _nd closes the

gap between the Fairing and Thrust Structure, (Figure 2-129),

2.7.8

2.7.8.1

The seal asse_b_v is supplied as a series of individual com-

ponents. All holes are full size and all nut plates are in-
stalled. Installation consists o£ fitting each component to

the Thrust Structure and boltin_ the co_ents to the Fairing.
Oversize and slotted bolt holes provide the mea_ for adjustment.

Zn=£ne Fa£r_ Heat sh£e_a

n£- t Heat (ngure 2-133)

The Fairing heat shield is a protective barrier composed of

eight heat resistant panels constructed o£ stainless steel
honeyco_ and covered with M-31 insulation. These panels are

fastened to an aluminum support st_-_cture. The lower surface
of the support structure is attached to the stage at Station

112.0 and slopes downward "7 degrees and I_ minutes from plane

"E" o£ the stage. (Figure 2-131 ). The four inner panels

and their support beams are independent of the four outer

..... ->-
I 2-197
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Position llI _I

TYPICAL

Panel Attached

at Cape

BASE
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FLIGHT PANELS
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2.7. c.I

", S _

• 2._._.I.I

2.7._.i.I.i

2.?.?.i.I.2

2.7. _:'.1.2

2.7.A.2

2.... 1

2.7._.2.1.i

(Continued)

panels and support stricture. The inner support beams are fastened

to the actuator support structure and the Thrust Structure
_ile the outer support beams fasten tot he engine Fairing and

Thrust St_m:cture. The controlled _ap betam_n the sets of

panels is filled _th a seal at installation of the panels.
Two of the inner panels are removable for access to inside the

Fairing.

Inner Beam $_ct_re

The inner beam structure is the same as for _ static test

confi_:ratian. (See Paragrap_ 2.7.9.2.1)

Outer Beam Structure

The outer beam structure consists of built-up beams, three

an_alar chords, clips, flttin_s and fasteners. 'o assembly

tools are required to fabricate the _ a_emblie4. Hand
lay_at and drilling are employed during fabrleatlon.

Fli_ht Panels. (Fi_Jre 2 ! I)

The flight panels consist of a stainless steel hor_yeomb core
covered on the inside with a thin sheet of stainless e_l.

The outer surface is a layer of bonded F_31 insulation. Steel

cups are bonded in the panels at the attachment locations.

These panels are purchased as an end item ready for Installatle_.
The attach hole patterns are coordinated to master plates pre.

vided by the customer to ensure interchangeabillty.

$tati_ _est Sh£eld __Fik_re P.140)

The static test head shield is a protective barrier consisting

of fo,Ar panels and a support st_cture. The support structure
hea._ tie to the actuator arms and clips on the Thrust Structure.

The support Structure is identical to the support structure for

the i__nerpanels of the flight head shield. The four panels
are larger than the flight panels of the same location. The

Fairing is not on the stage when these panels are used.

Static Test Su_ort Structure (Fi_ 2-I_)

ActuatorAt c  ,t ( re 2-I )

The actuator attachment beam assembly consists of two gormed

channels, a lower cap, gussets, shims, terminal fitting and

clips Of aluminum alloy. The assemb_F weighs (19) pounds.

B __ I.e. D5-_561
....... LD_elL '

I
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2.7.8.2.1.1

2.7.8.2.1.2

2.7.8.2.1.3

2.7.8.2.1.4

2.7.8.2.2

Ccitt)

The details are located and _ in *2 )_2-Z1067 for
holes and tz=tall_ fasteners. Drill plates are

provided except for areas_here pilot holes can be utilised.
1_e left hand and right ham assemblies are Eabri_a%ed in
the same tool.

O_tar _ (Yi_-m-e Z-i._ )

The inboard center beau asseabl_ consists of an aluaim_ "2'
beaa, three doublers, and an aluainua tee eli_. No tool is

nq_ for th_s assembler. F_ IA_ for dimensions and
hole locations are empl(_2ed to fabricate %Jtls assembly.

x.ho_,iSideBeaaAts.--zl,(F_. _2-zw)

The laboard sl4e beam assembl_ consists of a aodlfled almmimm
"I" beam and two doublers. No tool is required to fabricate

this assembl_. Hand layout and drilling is employed %0 locate
and Inltall the two doublers on the beam.

TWo assemblies are requared per set, one _ ef_ellte the
o+_her. (See Figure Z-I_.

Inmmr_ _m BtaaMsablv (y_.a-, )

The inboard main beam assembly cmnsists o£ an al_mizmm "I"

beam and an aluminum tee cllp. No tooling is required for

this assembly. Hand layout and drilling are e_loy_ during
£abrloation.

The static test panels _nslst of "_" thick: steel plate with

expanded vlre mesh add M-31 insulatlon attached to the lower

s_rfaee. These four panels are co--ted to the master

plates that control the flight panels, The Panels have two
sides and hole patterns _ to the flight plnels.

The foll_ master ch_ _ges are required to _ M-

te_'ehangeabili_o" of heat shield panels, These pges rater

perlpherll eontour ard hole pa%tern of the fli_t panels.

Mr_ 3.2-21oo6 Master Che_ Gage _ Paael

MrCKG 3_2-21007 F_ster Checking Gage Center Panel

MrCKG _2-21008 Master Che_ Ga_ Inboard Panel
MrC;KG 3"2-21009 Master Cheokin_ Gage Ou_card Panel

Eaoh panel has an opposite hand part! one gage serves two

panels.

t_ _as_ .. _-z2_z _ _>_
"_'" 2-205
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Installation Detail

Figare 2-137 - L.boam_ Si_ Beam Aesembly
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2.7.9.2.5.2

2.7.9.3

2.7.9.3.1

2.7.9.3.1.I

.... F + _"*" ....

The two outboard panels are installed on the Fairing Inp1_nt

with the exception of two panels per vehicle that require in-

s_ntation. The instrumented panels are packaged separatel_

and shipped with the Fairing for installation at Atlantic
•_ssile Range. Holes for the instrumented panels are drilled

Inplant.

The locating drill templates LOT 3_2-21009 and LDT2-3_2-?_

opposite are used to drill the holes in the support structure.

The panei_ are placed in position and fasteners installed.

_.e two inboard panels are not installed Inplant; h_er,
the attach holes in the beam structure on the Fairing are

drilled with LDT 342-21008 and LDT2-21008 opposite. The re -

maining holes are drilled at Atlantic Missile Range after the
Fairing and detail beam are installed. The above LOT's are

required at Atlantic NissLle Range for this operation.

Atlantic Missile Range Ooeratlon (Figure 2.134 )

_he two inboard panels adjacent to the Thrust Structure are
installed at Atlantic _htssile Range. The locating drill tem-

plates LDT 342-21008 and LDT2-3_2-21008 are indexed to the

previously drilled fastener holes and the remaining holes in

the beam amd Thrust Structure clip are drilled with positive

feed drills. The panels are placed in position and fasteners
installed. One panel per stage in this area is instrumented.

Static Test Heat Shield

__ S_cture (Figure 2-I_2 )

Actua_oF Attachment Beam Assembly

This beam assembly attaches to the lower diagor_l actuator
support arm at two locations. The beam assembly is located in

approximate position from the under side n_ the actuator arm.
The inboard end of the beam is clamped loosely to the arm. A

detail slotted fitting is positioned in the cut-out in the
out-beard end of the beam. The beam and slotted fitting are

then moved inboard along the arm until the hole in the slotted

fitting with the previously drilled hole in the actuator apex

fitting. Install bolt from under side, rotate slotted fitting
until dowel drops into alinement hole in apex fitting. ._iain-
tain .66 dimension on outboard fitting to beam and fair the
inboard bo_$om face of beam with Station 112 of lower thrust

ring. _/_intain .40 dimension at apex fitting and tighten bolt

to secure outer end of beam. Equal shim inboard beam to channel
fittings that are common to retro-rocket actuator fittizx.

A,,2.215



2.?.8.3.2 Master Flate_ _¥imu_ 2-_)

pattern of the flight panels. _e_ p_ are used
the custcmr and v_ to coordinate _ __s. _ese
maser p_ a_e coordinated to the =aster __ gages of
•the sane nunlDm.. The =aster plates are as follces=

l,_rP 3_2,._006

I_P 3Zl,2.;E].008
l,'.--P_z-_000

_aster _eakiag Cage Triangle _..el
" " " Gmter "
" " " L_board "

" " " Ou_Ooar4 "

2.7.9

2.?.9.1

2.7.9.2

2.7.9.2.I

2.?.9.2.2

2.T'.9.2.2.1

2.7.9.2.2.2

F_t Heat SbAAId

S_3truotare

Inner _mmm.t Sta'uet_e

The inner network of beams is identieal to the statio test

test support strueture, This instal-
lation is performed in the Thrust Structure Pick-Up position.

C__er Summit Struoture

_._ o_e_,_ (n2m-e _-_ )

The _uter beam assemblies and details are installed on the

lower Fairing assembly in a pi_ _Itlon. The locating
d_ jig LDJ _2-21000 indexes to the Fairing at the sta_

115.5 frame terminal _ittln_s and center _eb. This tool pro-
vides locating surfaces and _L_mg provisions to instal/

beams and details to existing clips and hangers in the Fairing.

b+.3._t_,@, N t,._,,'_,. Ib.._=e (F'sm-'e .2.1_ )

Two beams are Ir_talled after the Falrln_ is installed on the

Thrust Str_cture. Locating clips are provide_ on the Fairing
and Thrust Structure. Attach holes are _-illed from p_l_t

holes in the claps.

Fli_ht PanAls

Inner Panels (MSFC)

The attaeh holes for the inner panels are prevlous1_ drilled
dur__ng J.nsLallati_ of the static test panels. The hole pattern
in the beam structure is c_m_n tothe Fli_ht panels and the
static test panels. See paragraph 2.7.9.5. _e triangle

panels a_e installed. The aecess panels are installed at

Atlantic Missile Range.

B B 1-. -->..
I"'e= 2-216
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z.7.9.3.1.2

2.7.9.3.i.]

2.7.9.3.1.a

2.7.9.4

>

from pilots the attach holes of the beam to channel

fittings. Instal/ detail beam cap plate _ secure. Drill

the attach holes from pilots. Complete the above _ratlons
on the opposite hand insta_tion.

[

This beam assembly attaches at each end to the actuator attach-

ment beam assembly. The beam and two pilot-drilled detail

clips are placed in position. The beam is centered between
actuator beams and clamped to clips on the actuator at_ch
beam. Drill attachment holes from piloted detail clips.

Inboard Center Beam Assembly.

This assembly is installed between the inboard main beam assembly

and the Thrust St_icture. Location for this assembly is pro-

vlded _ an angle clap on the Thrust Structure and the piloted
tee cl_ on the main beam assembly. The beam is located to the

clips on each end and faired with Station 112 on the inboa_

end prior to clamping. One additional clip is installed at
the main beam to complete the installation at that point. Pilot
holes are provided to drill all fastener holes. Install spacer

in slot in beam at inboard attachment and maintain .500

dimension. Drill through spacer to clips and install fastener.

This assembly is installed between the actuator bea_, (at

actuator apex location)# and the Thrust Structure. Clips are
p_ided at each end for location. Pilot holes are _rc_Ided
to drill fastener locations. The installation is zkmilar to

that of the inboard center beam assembly.

static Te_t Pa_e_ (_im,r_. 2-!]5 )

The attach hole patterns for the static test panels are drilled
with the following locating drill templates.

LDT 342-210_ 3 Locating Drill Template, Center Panel

LDT2 342-210a 3 Locating Drill Template, Center Opposite

LDT 3_2-21_ 5 Locating Drill Template, Triangle Panel
LDT2 3_2-21045 Locating Drill Template, Triangle Opposite

The above templates are placed in position and adjusted for

proper gap between panels. The holes are drilled with power
feed drilling equipment. _ut plates are installed fur the two
access panels. The pamels are placed in position and fast-
criers installed. This installation is implemented in the

Thrust Structure pickup position.

us U_I
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2.8 V_ICAL FIMAL ASS_HLY

2.8.1

The Final Assembly cgeratlons consist of vertically Joining

the five (5) major eubasee_les and lowerln_ the e_ted
asse_ onto the transporter (See Figure 2-I_). These

operations are perforled in a vertleal assembly tower whlch

is env_tally eontrolled. The vertical buildup of

these major subassemblies begins with the first section

being positioned on a set of four (_) X_ylons. These pylons.
evenly spaced 90 degrees apart, are designed with support
pads which are optically alined in a longitudinal plane.

This is the only alAneme_t adjustment provided throughout the
entize assembly. All other alinements are controlled during
major assembly.

Assembly Procedure

The Thrust Structure, whlch is the first major subassembly %0

be posltloaed, is 33 feet in diameter, 20 feet high and welghs

90,000 pou_. This wight includes all of the hardware pre-
v_ous_ installed.

The Fuel Tank is positioned above the Thrust Structure, radlAll_
alined, and lowered onto the Thrust Structure. The subassembly
is 33 feet in diameter, 43 feet high, and welghs _2,000 pounds

with the fuel system included.

The intertank is 33 feet in diameter, 23 feet high, and weighs

16,0OO pounds including hardware previously installed. The

Intertank is positioned above the FUel Tank, radially alined,
and lowered onto the Fuel Tank.

The Liquid Oxygen Tank (LOX) is 33 feet in _lameter, _ feet high

and weighs 50,0OO pounds. The LOX Tank is positioned above the
Intertank, radially alined, and lowered onto the Inte_ank.

The Forward Skirt is positioned above the LOX Tank radially

alined, and lowered onto the LOX Tan_. The Forward Skirt has
an overall height of 19 feet (with the Forward Handling Ring

attached), a diameter of 33 feet and weighs 37,000 pounds including

l_iwe._e previously installed.

The complete assembly is removed fro_ the tower and lowered onto

the _ransporter by the 180 ton overhead crane. Tnls assembly is
33 feet in diameter, 120 feet high, and wei_s 300,000 pounds.

NOTE: The weights and dimensions listed above are approximate

figures.

r""
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2._.3

Thrust otructure

_e Thrlst 3t_,cture Asse_ly (wh£_ has previously been

assembled, h._d its internal components installed, fi_sh

painted, _r_ stored) is mowed into the aisle cf the Final

_s_b_ _ilding by the se_-powered "A" Fr&_e _ 370-
2_000 _3ee Figure ,',-145) uti_ng the Thrust _tructure

Hoisting Tool HT 370-8111, _e asse_01y is lowered by the

"A" Frame onto _,Jpport Skid b_ 370-Z80_0 (_e Figure 2-146 )

which supports the _ssembly at the four (4) Thrust Structure

Engine Pads.

After the "A" Frame has been removed, connect _he 180 ton

overhead crane with Handling Tool HT 370-1,$050 (See Figure

2-147) to the overhead crane through a hydraulic unit

(Hydr2-Jet) which provides positive vertical movement con-

trollable to .OCl Of an inch (See Figure[_-_--_. The :,!andling

Tool connects to two (2) ._E H_ndling Fittings 6_B-61001

locsted at st_%ion 2_0 on Positions I and ILl. These fittings

were installed during the Thrlst 5t_'cture Sui_sse,nbly

operation.

Li_t the _"hrust Structure Assc_i°_ly from Support Skid :IF _70-

I ,0_.0 _r,c move it Izto the Final A_se:_hlc_ T_wer. Position

the a-sembly onto ,*_e foyer (&) _icn Support P_Ss AF 330-

iOO0¢,, which .have previously b_:en planiz_d by optics (gee

Figure _-I_9) _atin_ th_ Thm_st Strutter,= L _gport Post_ with

the Pylon L_pport _ad_. After po_;Itioning, fet uch H%_dlin_

io._l HT 3"0-19_:6 from the Thr_:st 5tructure and remove it fro:

the !{ydr_-_et a_,_ overhead crane.

L

The Fuel "" '

painted q/ad stored) is r_cveJ into _}.e aisle cr tb_ F_,_._
Anser,h!v u. _ _ o. ....._u___Ln"' on Tr;._:aport:_tion Trailer _:TR 372-_ ...._,..

(Lee Fii_re 2-15_. l*ne F,,ei Tank is supported on th_ Tr_-

port_tion Trailer F.._7.3, c-_-_,_,_ by an upper and lower _et of

Handling .o¢I., HT 37C-2'_0C0. _eh set cc_.slsts of two (?_ ! ¢,

de_ree se£_uents att:-chE_ to tJ:_ "f" Kin_ by pins _n_ -" ...._:s '_"

twelve (12) .750 Ji_meter hole& (_ee Fi6:ce2-15]_. -e two ._

pin_ i_" the lower set of H_ndiing Tool HT 370-2500C rate _th

t_._n'Icn._ on the trailer _%Ich _llow the Fuel Tank to be

rotated frolr the horizontal to "_he vertical poslticr..

The 180 tor. overhead crane is _citioned with Handling" TOOL

};andl!nf Tool HTP-3_O-2AO00 is attached to the trunnion pi_s

of H_,ndli:-,,-Tool HT 3vO-?aOOC and the tank is rotate! to the

vertical position. Special adapters for HT2 ]_O-?&OOL Frovid _,

pickup _t the tr:ru_ion pins. The Transportation Traii_,:- i_.'_q

3?0-2_000 i.:_removed fror the area _T,en cleared of the t;,:.k,

0 00"IAM'O I-o. D5-1256]
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the overhead _mme. Lc_r the Fuel Tank c_%o Production

Dolly PrD _O-_X_ .hleh _ the Handling Tool as it
is _Ited. _ Tank is thln llfted out of the Production

Dolly a.d _ed into the Final ass_ly T_r.

_ring the operation of loading the Fuel Tank. f_zr (_) tools
are used to attain the proper allnsaent. $_aeee tools are
utiliNd as follows z

.)

b)

The P_tat_aal P_tlonar _T 330-?_2 (See Fi_2-1_)

is used to er_ure proper retatIG_al _t _tween the
two sa_a_MmbZise. The _sltlo.er is _ted _er Position

I. _ upper netAon of the +_I is attaehed _ a tooling
_leln the _ "_ Ring and _ lewar seetlon is attached

to _ (2) _e+.i_n holes in the _ Strue_are. This

toe1 is lastalled _er the FU_ Tank _s _ _t _nto
the Final Ass_ _ewer.

The _es MIT 3_0-?"61 (See Fl_ure _-15_ are _talled

at thlr_ (_0) places around the upper per_er_ of the

stringers f_ either edge 9f each akin panel exee_% at
pesltlon I (See Figure 2-15_. _eae tools are _tallea

after the Thrust Structure is plaeed in the Final Assembl_
Tower.

c) The Vertical Positloners AI_ 33_-?i06 (See Figure _-15_ are
located at thlrty-two (32) _laees ar_ the upper edce

of _ _kra_t Structure. Thue _ls are stops for a_inekng

the _el _ vertlea_ and _ Ins_ in _e subasse_bl_
area.

d) The fourth item of tooling used to aid with the a_t

and mating of %he two subasswablles is a co_meroial ,_._dr&-

With the use of the tools listed in Paragraph 2.8.3(a) through(d)
the Fuel Tank is lowered and positloaed onto the Thrust Structure.

After the Fuel Tank is poslti_ed on top of the _hrust Structure,
fear (_) crews oonsisting of three (3) _en per cr_w, at 90 degree

intervals, install the fasteners ¢c_mon to the Thrust Structure

Skin Panel azd the l_er Fuel Tank "T" Ring (MS_C will use three

(3) work _r_ws, consis_L-_ of three (3) men, spaced at 120 de-.
_ree Int_wals. )

V) MI1 N
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2.8,:)

' 2.8.4

(Cen_naed)

NOl_s It is imperative that t_ ovfhead erane remaln attached

to the Fuel Tank until 25 percent of the faster,ars
Af_ these are installed, remove _ Tool
Using the ov-_rhead erane _ _mdling Tool HT_2_O00, _ the

top _ P_ag nm _7o-_oo.

Using a _osltlvez,ed _ _th _ oig _ 3_0-?_ (See
Ti{.re2-_ _ a.d 4_ a11 ha_ee, e_t (8) _ each
s_-Inger, of the Thrust Strueture (112 Places). This pattern

the fast_srs installed by one (I} man on the inside of the
Thrust Structure loeatlng and removing the bask-up plate and
a_ing with the fastener installation, one (I) mn drilling and

debt, and one (1) man installing fasteners and torquing.

XOTEz At sixteen(16) splice sec_!ou, _aere Dr_II gls DJ 330-
7_3-i-O is used. omit one (I) futener to acc_te this drill

Jig (he n_,re2-Z_8).

_eforere_ov_ the _ _, two (2) fastaurs are _ns_
and torqued. The balance of the fasteners are installed and

torqued after the drill Jig is removed. The man Indlde of the
Thrust Structure uses _rtension Wrench _ 33_-_7 to position

the nat _n the fastener during the torquing c_erat_on_.
thirt_ two (32) Vertiaal Positiene_ A_ 33_-7106, one (1) Radial
_t Tool _1_ 3_0-?A_2, and thirty (30)_o_des F_ 330-?_61
are removed as the drilling and fastener installation proceeds
ax_und the structure after 25 percent of the fasteners are in-
stalled.

Using the same w_rk c_ee and a positive feed drill _i_h Drill
Jig DJ 330-7_43-1-0 (See F_r_2-1_8)for method of installing
dr_ _lig), d._._l, de_.rr, and fasten _ s_teen (_) w_lAcs
Joints With ten (I0) holes at each splice. After the ten (I0)
holes a_e _ and d_urred, install t_ (2) fasteners and

then remove the _ Jig _a_ in,tall ten (10) fasteners; ei_t

(8) at s1_le_ _oint and _ (2) _blc_ were pr_ious_y _mltted to

aceomnodate this drill Jig.

The Xnte_mk "(which has prevloua_y bea_ assembled and +..,he
P_t_onal Pceltloner and Vertleal Poeltlone_s installed on each

end and plantsed, finish painted and s_red) is moved into the

aisle of t_e _Inal Asse,_l_v _ on _t_on T_a_ler
T_TR 370-180_0_ (See Figure2-1_). Using the 180 ton overhead

crane and the ._ra-Se%, po_itlo_, and secure Handling Tool
HTF2-3?0-2ztO00 (See Figure _-M_O) to handling tool HT 370-28000
which was prevlo_sly attached to the Intertank Structure Ass_ly.
Move the structure into the Vertical Assmb:Ly Tower (See Figure

2*I_). Before Inwering the structure, rotate _t until Position l

_,, &m
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Figure 2-159 - _.'ran_porting the lnterLank Assembly
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Fi_. 2-161 - R_tational Positioning Intertank to Fuel or LOX Tank
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2. F ,t_, (Continued)

on the Fuel Ta:k. Utilizing one (i) Rc_ati(mal Positioner

::IT 330-7452, _:_ides _T 330-7462 and one (1) Hydra-Set
(_ee Figures 2-161, 162), mate the Inte_ Strmcture Asse.ubly

;_th thc Fuel Tank. It will seat on ei_teen (18) Vertical

Positioners k_T 330-7445 (See _igure 2-163).

"sing four (_) work crews, three (3) men per crew spaced at

90 dek_ee intervmlz, and a positive feed drill with DJ 325-7293

(.See Fi_ur_ 2-I_-_) for method of Ir_talllng drill Ji_), drill
and dehurr the "_" ._ing attach holes comnon to the Intertank

o:'t_r fittin,_s (108 places), (_._FC_=es three (3) work crews,

three (3) men per crew spaced at 120 degree intervals,) This

pattern of eight (o) holes is drilled, deburred and the fasteners

installed '_- one (I) nan locating and rmuovlns the backup plate,
one (I) _an dri!lin S and deb_rrLu_ and one (I) man installing

and torquin_ the fastener--. Before removin_ _I 325-7293 two (2)
fasteners are irmtalled and torqued. Fo.Jr (4) fasteners are

installed and torq_ed after th_ drill Ji_ is removed. The

remaining two (2) fasteners are installed loosely as these
holes are used later to locate DJ 32_-7_9!. (See Fi_ures 2-166,

16_) for the location of the two (2) fastener._ to be left loose. )

The eighteen (I_) Vertical Positioner_ FIT 330-74_5, one (1)

<otatioual Po_ itioner I_T 330-7_52, a._d eight (8) Hand]_t:_g

Fittinis ':IT 330-7q00, (See Figure 2-160), are removed and (2-160)

r_vlaced with the proper number production fittings as the
drillins asd fastening proceeds aremld the structure.

_:OTE: It is _._perative that the overhead crane remain attached
to the Iutertank until 50 percent of these outer fittings are

zecured. After 50 percent of the fasteners are installed, re-

hove _:.andlingTool HT 370-28000 by deta_hin_ it from the eight
(8) Handling Fittings _T 370-28000.

_efore starting the instal]_tlon of the Intertank Inner Fittin;s,

all of the O_ter Fittings must be _ustalled as described in
3ection _.4. The Inner Fittin_s are installed one (I) at a time

Just prior to positioni - _he drill Jig. The installation proceeds
in a counter clockwise direction ar_Ind the missile. The fittings

are identified with locations on the Intertank. This identification

is accomplished _¢ the Intertank 3_bassemhly Group.

Install one (I) Inner Fitting and torque the eighteen (I_) fas-

teners common to the Intertar/_. "sing a positive feed drill with

DK 32.5-7291 (See Figure 2-166) for method of InstalllnK the drill
jiz), drill and deburr the "Y" Ring attach holes. (This pattern

of eight (8) holes is drilled, deburred and the fasteners are in-
stalled as stated in Section _.4) Before removin_ the Drill Jig .

_k* 325-7291), two (2) fastener_ are installed and torqued. Six (6_

fasteners are installed and torqued after the drill Jig is removed.

Tighten and torque the two (2) previously installed fasteners which
were left loose to accommodate the drill jig. The last fitting to

be installed will be by the blind bolt method.

u| 41_tt Nil
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2.8.5 ,om en

The 180 t_ overhead crane is positloaed with Handling Tool
RT2-370-_ (See Figure2-1_). and the _mM_Set attached.

Rand_ Tool _r2-370-_O00, and the _ is rotated to the
vertical posltlon. There are special adapters for HT_._
2/_000 to provide pickup at the trunnion pins and a re_vab:l_
count_ee weight to offset the _aused _ th_
Helium B_ttles. The Transportation 370-_00
removed from the area _hen cleared of the tank.

To remove t_ lover Hart_ing Tool HT 370-_00. Pr_ue_tm_
PTD 370-_ (See Figur_.lS_) is posi_ under the ta_k

_hieh is belag hela in the vertical position by the
wane. _ the bOX Tar_ onto Productiam Dolly M

24'_00 '_I.c_ will s-,_por_ the Handling T_I as it is m_IM.

The _ iS t_em i_ out of the Production Dolly and moved in-
to the _alassemh_ Tc_er.

During the operation of loading the _X _anM, four (,) tools are

used to attain the proper allot. These tools and their usage
are as fellc_ a

a) The Rotational Positi_ MIT 330-74_2 (See Fi_ure2-1_

is used to assure proper rotational alignment betweem the
two subassemblies. The poaiti_er is located over Position

I. One _ of the tool is attached to the tooling hole in
the Tank "T" Ring and the other part is attached to two (2)
Production holes Ln the Intartar_k S_rueture. This tool is

installed after the LDX Tank has been brought into the

FLnal Assembly T_r#er.

b)

e)

_e @_ides _IT 330-7_62 (See Figure 2-162) are hand tools
that are used to aid in mating the Intertank Fittings to
the _0X Tank "Y_"Ring.

The Vertical Positionars EIT _-7_.¢45 (See FixAte 2-161 )
are _tall_ at ei_tem (18) place_ aro_ the upper

periphery of _he Inter+auk Struck_Are. These tools are
stops for aligning the L0X Tank ve_tieall7 and also have

r_llers built into them to aid in guiding the t_o sub-

assemhlies together. These tools are installed in the sub-

asseab v
I
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2.8.6

d) The fourth item of toolin_ _ t_ ald ,_t_ _'_ _'_
merit a_ m_ting of the two (2) _ub_se_ii_._ is _ _ ...._ _ial

HycLra-Set.

Wihh the use of tools listed in Sectlon 2.8,5 a) tbrcu@_ d)
the LOX Tank is low,red _nd posltlcned onto th_ Intertank.

rsing fomr (4) work crews, three (3) men p_r crew sp_cod st 90

degree intervals, and a positive f_ _r!i_ with _iI _ DJ-32_

deburr the "Y" ring attach holes, (_FC u_e_ thr_ _3) wc_r',:_.._,

three (3) men per crew, spaced at 120 degree intervals.) T_i_
pattern of eight (8) hol_s i_ drilled, deburr,_d, and _e f_steners

installed by using _ne (i) man locat_ng and re_--!n_ the b_ck_p

place, one man drilling and deburring &nd one _i_ man Inst_D_iu_

and torouing the fasteners.

Before removing the Drill Jig DJ 325-7293, two (2) f_t_,_:_ _r_

installed and torqued after _he drill Jig is remove. _e re_inS.ng

t_m (2) fast_ners are installed loosely as _n ho_ _e u_ !_r

to !oc_te Drill Jig DJ 325-7291. (_ figure 2-16_)f_ the !oc_tion of
the two (2) fasteners to be left loose.) The cistern (18) vertical

positioners _T 330-7445 and one (I) Rotational Positloner :-_T 330-

74_2 are removed and replaced with the proper n'_=b_red produ_blcn
fitt_n_ as the drilling and fastening proceeds _ound the structure.

L_: It is imperative that the overhead crane rema_-n attached to

the LOX Tank until 50 percent of these outer fittings are secured.

After 50 percent of the fasteners are Irm "tal!_i, remove Ha:_di_

Tool HT2-370-2_000° Usin_ overhead crane and l_.nd?,i.=_g To_i _T3-_7C-

_OOO,remove _he top Handling Tool _T 370-_000.

Before starting the installation of _e _tar_k Inn_r Fittlns, all
Of _he outer fittings must be installed as d_s_..rlb_ in Sectlcn 2.8.5,

_ne Inner Fittings are installed one (i) at a time _t p_o_ _ pos-

Itioning the drill jig. l_e installation proceeds _ a c_w_:_r-
clockwise direction around the missile. The fittings are L_mtified
with locations on the In_r_nk. This Idemtlfication is no_,_ _h_=

by the lutertar_ Subassembly Group.

Us11n_a positive feed drill with Drill Jig DJ 325-V_1 (See Figure
2 i_) for method of iv_talling drill Jig), dr_!l and de_r _e "Y"

Ring attach holes. (This pattern of eight (8) hole_ is dr_e:_, de-
burred, and the fasteners installed _r Section 2,8.5) B=,_ore r_ovin_

the Drill Jig DJ 32_-7291, two (2) fasf_rers are in=t,_L_ed a,_d tor-

qued after the drill Jig is r_m#ed. Tighten _ tor_ue th_ t_o (2)

previously installed fast_ners _hlch wmre left loose to accommodate th,

drill jig. The last fitting installed is by the bl_ bolt me_nod.

Form_rd Skirt

The Forward Skirt is moved _nto the aisle of the __nal assembly



2._.6 (Contlnu_)

ing o__ the Fo_mrd Skirt _nipping e ME 370-7353_(_e
L'l_re2.168). The P_tmtional Positioners have be_ installed and

plan!zed in the _ibassmb_ area.

with the

• .... the

u_ 4wtI
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Fig. 2-169 - invertin: Fc,r-_rd 3kirt i qi_ht Fosi[ion
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Fig. 2-170 . Positlonin_ '_orward Skirt on 5F 3?0-14000
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Fig. 2-171 -, Lifting the For_rd _irt and the Forward Fmmillng

Rin_. Into the Ver%Ioal Tower

u:mqlt
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_._re 2-173 - Vertical Oulae Forward Skirt to £OX Tank
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BACK PLATE A55EHBI_ ._/1

DJ-_25-7352-1-0
(See Detall "A")

%J

Figure 2-I'_5 - DRII//_;q FCE_ARD SKIRT HAT SECTIO_!S TC "T" RI_G
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(Con*.Ln-:_ )

_rter _e drill _i£ is :'emcv_. E'_ _._ t_ _t} -3 a_:b!i_s

•_dial Alln_e_t Tool _,.IT330-73_, and -.igbtee:%_IS) dui_es

_.IT 33C.-7470, are re,_oved z8 .the dr!l]Lna ,'_: i._c_teningin3t_:-
iatiot_ proceeds _round the struc%xlre.

•C._: ._. is xaperati,[e thu_ the overhead crc_e r._nain atta_/hed
to Lhe Fo,-ward Skirt ,.mtil 25 perment of thaze fasteners _r_
installed.

'.-::in:the st=me work crc:: _nd _ positive feed dri]! ";9_th_.ll Ji_

Z_: _39-7_65 (See Fi_.zure247_), drill, d_q'_:'rra_-_ifasten the twelve
(12) splice. ,o_.,t_,w_th ,_. ,_ (.) h._s ,.._e,ch 3p~l_e. -nsi_._

two (?) fillern in the drill jig before _:-_e_edi_g %0 drill the
eie_% (,=) he!co.

After the ei:_ht(g) hole., are drilled and d{._burred,remove the
DrSll '_ "._ :n,_t:_t:'!l fo,):-teen(: •) f_steners - eight (g) .at _/ne
:711ce ,iolnt, t_rm (._)on 5he ha*_ :_ectlon, which were omitted tm

-czon_,odate thi_ Drill Jig, and four (_) additional on t_e :_d-

jacent hat sections which were omitted by the Subn-_sembly :3roup.

U_ing the same work crew and a positive £eel drill with Drill Jig
DJ _30-7466 (See fls_re 2-177) , drill ei_tesn (18) holes in each

of the two (2) umbilical channel_. F_zove the drill J_- and in-

stall eighteen (18) fc.z_encc:_to comple+._ f&_t_Lng the _ilic_i
channel.

Jsing the same work crew and a positive feed drill _th Drill
--_ ...... and DJ 350-_469 (_ee Fi_re2_17_), drill s_ (_

hole_ on each side of the hat sections adjacent to _e ri_t and
left side• of the umbilical char_:e_. Before rc=._;t,.._t._,:d_il ji&,
install two (2) -# bolt _sse_._lies and Inst_iJ fazteners. DJ 330

_4_ is used on the ri_t slde of +_e area adJa_ut to the
umbilical channels (See fi_/re 2-178 ).

After _II Vertical Fir_l Assembly operations hav_ be_, cc :.........
a check will be made to determine the parallelism, between Flan,_ _J'

and the plane of tLe ,.t_,_eForward Interf:ce ,'-_,_ Fcrwa_.: .,___-,..

The.. check is performs-, to obtain information for the Lc_: _=¢k c-
the Stage. _,rlng thi:; ,_.:ck " "..........

Fit.-:r_2-171) iz attached tc t/_eForward Skirt,

V'aem 9 _:0

->-
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Figure 2-178 m Drilling Hat Sectiens Adj_ce..,t to Umbilical
Channels-Forward Skirt to Y-Ring
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2.8.7 (Contlnued)

The angle w_ts 70_9-71 and 7049-73, by which Bandling Tool

HT 370-7049 is attached tc the Forward Skirt, mounts to the

interface plane of the Forward Skirt. Between these angle weld-

merits a clear space of approximately one-half inch is available.

This space on the interface plane is utilized to secure a grour_

flat steel bar which extends be0_ond the circumference of the

Stage. Fastened to the lower side of this bar, at point zero, is

a steel tape. This tape is approximately 120 feet in length.
(See Figure 2-179) and has a weight on the Ic_mr end to ensure

constant pressure on the tape.

The lower part of the _hecking fixture consists of an adjustable

plate which fits against plane "E" at the bottom of the Thrust

Structure Hold Down Posts. This ground plate extends beyond the

circumference of the Sta_. R_ilt into this ground plate is a

gTOOVe through which the steel tape is passed. Also built into

this bar is a vernier scale which allows the total !ength to be
read in thousandths.

_adings will be %aken at Positions I, II, II!, and IV. From these

readings the parallelism between Plane "E" and the Stage For_'a_d

Interface on the Forward Skirt is computed.

_.8.8 Sta_.e Laydewn

After completion of all Vertical Final Assembly operations, the

Hydra-Set is removed from the overhead crane and installed on the

Fixed Hinge (See Figure 2-180) located in the outside door to the

Vertical Assembly Building. The Hydra-Set provides vertical move-

ment in the Stage Laydown operation.

The Launch Operation Complex (LOC) 3ar, 75M_I015, is attached to the

overhead crane and to the attach point in the ce_,ter of the Forward

Handling Ring (See Figure 2-180).

The LOG Rotational Guide, 75M51009, was attached to the Stage at

Station 116 in the Thrust Structure Subassembly Stmtlon. While it

is necessary for this Snide to be installed st the time of Stage

shipment to the Mississippi Test Operation (k_O) and the Atlantic

]_issile Range (AMR), it will be removed after stage laydowr, a:i be-

fmre refurbishment because of the limited cei/_n= h_[ght in the low

bay area of the F_ichoud Plant. The Guide will be rein_ prior

to shipment to MTO &nd AMR.

The Stage is raised to clear the Pylons and positioned into the

Fixed Hinge by pinning the LOC Rotational Guide, 79._51_09, into the

rotating points of Turning Fixture TRF 330-10000. The overhead crane

lowers the forward end of the Stage to the horizontal position.

Using the Hydra-Set vertical adjustment on the Fixted Hinge and the

overhead crane, the Stage is lowergd to a position directly above the

handling points on the Stage Transporter (See _g.2-1_O).The Jacks of

the Transporter are utilized to raise it until engagement is made _th

the Stage. The Stage is secured to the Transporter at attach points.

,"m,e,t 2-263
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Syste_ a_ _'_!_:_t 2_t_!latlo._ procedures for the S-IC

Sta_e are predic_t._/L on tho in_ta]_lat-lon of all systems a_

equipment oompo;._ ....... : _s
policy generates the need for five major Lnstallat_.o_ positions,

terminating with _ine horizontal insta_11atlon position.

The five major position_ _u'e: (I) Thrust Structure Pick-up,

(2) Intertank Pick-vp, (3) Forward Skirt Pick-up, (4) Vertical

Assembly Tower and (5) Horizontal Installation. The Pic&-up

positions provided for structural completion of the three

sections will be utilized for the installation of systems and

equipment items during and/cr _ediately following structural

plck-up operations. The vertical aszembly position will be

used to continue instaT_lati_n c_ratlons in the Thrust

Structure and Intertank C_,artments. The horizontal po=i_!_n

will be the final ma_cr inst_!latlon area at _i:[choud. A21

system +J_ be iz_tall_d at Xichoud _.iI be co_letod in _':;Is

position. The sequencing of component £f_tallation _n t _-
five asse_2_ly positions _:ill De governed by the phklosophy

noted.

5ysten and _quiwent cc_ponent._ _hich are located ._x._i:!e ,>r

extend through the sk'Lr,of the LOX or Fuel Ya_k are L_s'._L!ed

during assembly and build-up of the tank s_z-actures. This

sequencing r_duce_ the po&_Ibility of contamination to a

minimum while providing maximum accessibility d_.ring L_tall -

atlon.

The S-IC Stage is receiw_ fz_.'_ C'_e vertical assembly area

on the Stage transporter and placed in ei_her of _.e two

areas assigned to _e horlz_nt_l installation position.

When properly positioned, removable (non-adjustable) jac_cS

are placed under the forward and act transporter carriage

frames. The tran_porter i_ l._we_'_d to rest oa the Jacks

which provide s%mbiliz._tion d_ng equipment and systems

installation. Persorm.el Platforms are positioned and

se_tred about the Forward Skir+_, Thrust Structure and Inter_a_

Access Areas.

External and Inteznal staging provides co_lete access +m work

areas. Interred.! platforms in the Fov, rard Skirt, Inte_amk arf,
Thrust Structure 3ectior_ remain irmtall_d through ¢o=ple%ion

of the In-plant test operations where they are removed and

returned to Horizontal Final Assembly Area for use in a sub-

sequent stage.

US 4_1! 4@0@
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2.9.1

_le following _yst_::_e will be _,,_,_......_ _'_,._c_pl.ete or in part

:_ th i_ _o_ Jtio_ed.wr_ _ e :ltage £o

(a) Jestruc_ System (Non-exp!oeive Components)

(o) Heat Shield - Static Test Panels and Curtainz

(c) ,Water Deluge S_te= (M_D Ir_tallation)

(_) Stage Instrumentation

(e) _lectrica_hlectror_c iquipment and Cabling

(f) _ur_nels - Llectrical aria Pressurization

(g) UmbiLical Pane_

(n) Electrical 5y_t_m 5ontin_ity Check

(i) i_X Fill, fced an_ Drain

(j) hnviror_::<_tal Control _System

(k) Fuel Fill, Fred and D_'a±n System

(i) Fuel Pros su/-ization

(m) bOX Pressurization

(n) Fluid Power System

(o) Control Pressure System

(p) Fuel Concitiopir_ System

(q) Flight Control

(r) Horizontal Engine Installation

(s) Thrust Vectoring System

(t) LOX Cor_itioming Sy_tam

Des truct System

Destruct System components are located in the Forward Skirt,

LOX Tank and Fuel Tank areas, installation procedures have

not been defined due to lack of firm engineering releases.

Design concepts are currently u_der review. It is a.n_icipated

that all components containing explosives will be installed at

Atlantic Missile Range.

u3 _U_1140OO



2.9.2

2.9.2.1

The Base Heat Shield _ppo_(, st4_ct_e will be installed
during _rust Stmct_ /=sembly and b_tld-_4p (Ref. Section
_), Static Test FirlJ_ heat shield panels
installed sutsequent to oo_pletioa of in-plaat test operations
with exception of four access panels and one panel in each
quadrant which i_tertere with installation of the manual

engine glmbal actuator. These eight panels are installed

Static Test Firlr_ Heat Shleld consists of fifty .25 inch

steel plates mounted directl_ on the grid network, fifty

matchir_ honeyccab panels coated wlth M_-31 Insu_atlon
which are mounted dArectl_ on the steel plates and five

flexible curtaAns which enclose the gap between the engine

pan and stage structure.

Typical installatlon sequence for the Static Test Heat
Shield is as follows=

Tow Heat Shield _ranspomt - Stor_e DelAy to installation
aZ_e_e

Position LASt _raeto_ to £acilitate engagement of

plate and .25 inch steel panel. Fasten steel panel to

llft-plate.

Raise steel panel to installation position with Lift-Tractor

match panel, beam and bracketry hole pattermm.

Fasten steel panel to beam supports with bolt and nut (_)

places,

Diser_aEe lift-plate.

Honeyc_b Panel ihstallation similar to above except

fasteners are fastened to &he support beams through holes

ccm_n to honeycomb and steel panels.

_atch curtain, engine pan and support beam bracketry hole

patterns

Position channel supports.

Inst_ll fasteners.

QlI 400_

B m 4rJNm
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2. .3

2.9.4

2.9.5

2.9.6

2.9.7

2.9.8

Delu 

The Water Deluge S_ymtem is installed at MTO. Base Heat

Shield Panels which support this system will be installed

at 'CTO to permit installation of the manual engine glmbal
actuators during stage transportation.

s  elnstr  t n

The Stage Instrume_tatlon consists of acoustic, calorimeter,

flow rate, pressure, strain, temperature and vibration trans-

ducers. These hardware items have been defined; however, the
locati_na in the Stage are indefinite. An installation

sequence will be developed.

Z ctr  I/ ectro ic

Stage Electrical/Electronic Equlpment consists of Electrical

Cabling Equipment Panels, Telemetry and RF Fnuipment. S_ec_ic
locations of this hardware in the stage have not been defined.

An installation sequence will be developed as this information
becomes available.

Tunnels - E_ectrical _ PressuriI@t!on

Tunnel platforms common to only one stage section are in-
stalled on the applicable section prior to vertical final

assembly. Tunnel platforms located on section transition

lines, electrical and pressurization components and ducts
are installed during vertical final assembly. Tunnel covers

are fitted in vertical final assembl_ and permanently

installed upon completion of In-plant test.

_£cal Panels

There are five Umbilical Panels on the S-IC Booster. Three

panels are located in the Thrust Structure, one in the Inter-
tank and one in the Forward Skirt. The Umbilical Panels will

be ins_lled during assembl_ and build-up of the Thrust
Structure, Intertank and Forward Skirt sections.

_Elec_ic_ SYstem CoDt_nulty .,.Check

A programmed Electrical Continui_ Cheek (DIDO0) will be

accomplished in the horizontal position following completion

of Electrical Components, Equipment and Systems installation

prior to delivery of the 5-IC Stage to Inplant Test.

LI3 4211 4000
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,;:s 4_11 4009

up and Vertical Assembly PositionJ.

be accomplished as follows:

_.9._.i Thrust Structure P_c.k,Up Posit.ion

Z.9._.I.I Install i_A Adapter SpoolB, uutboard

2.v.9.1.2

2._._.1.3

_ Fill, Feed j_ _rain System

This system will be installed at the Tnrust Structure Pick-
The installations will

The L_k _dapter Spools outooar_ will be received [_ clean

with all openings sealed.

a) Attach LOX _dapter Spool Handling Fixture and sling to

forward flange of spool.

b) Attac,_ sling to hoisting device and hoist spool into

Thrust Structure.

c) Position spool in support bracket and sec_'e lower spool

flange to bracket.

d) R_aove noL_t device, sling and i_andling fixture.

Install Lox Pressure Volume Compensator Juct Inboard

The LOA P4C Duct inboa1"d will be received _OX clean with

both ends sealeQ and gimbai restraining fixture in place.

a) Attacn PVC Duct dandling Fixture to Duct.

b) Attach noistind device to handling fixture and hoist

duct into Thrust Structure and position it in bracket.

c) 7,ecare duct to bracket.

d) i_emove hoisting device an_ hanalin4_ fixture.

e) install temporary PVC Duct Support Fixture to hold

duct in its flight position until the engine is

installed.

f) Secure aft Flange of auct to temporary support fixture.

_t_i! _x _rev_ives

The Lox prevalves will be received LOX clean with both ends

sealed.

a) Attach iO_ prevalve hand/inK fixture and sling to forward

flange of prevalve.

b) Attach sling to hoistinc device and hoist prevalve into

2Krust Structure.

_*"" 2-270
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2.9.9.1._

_.w.w.l.)

2._ .9.2

2.9.9.2.1

c) Position .or(<_ive tnrse (.) inc_._ _bove upper _'_._.

of (A) [O.,.,,_,_.o_er_",* 3pool, outbearc\_ or t'_) 7fC C'_-*.
inboard.

d) _emove sv_:.i simultaneously and mate _', ",

e) Secure jcln_ and remove hoisting, device, sling and

nandlir_ f_xture.

Install ll}2 _L&_tcr Spoo! Inb_rd

The DJX _dapter Spool Inboard will be raccived LOX clean

with all opeainzs sealed.

a) Attach iJJx _dapter 3pool Handli_ Fixture and sling to

forward flange of spool.

b) Attach slin_ to hoisting device and hoist spool into
_ hrust 3tructLtre.

_/-) inches from forward f!:_u_ge ofc) Position spool t_:_ee ,

P_C Duct.

d) [{emove seals sLmult_,_,Jusly and mate fl_nges _ediat_-.

e) ::emov_ uoi-_tla_ device, slinP_ aPA handling fi:_ure,

Install Lox Pressure Vol_ae ]ompensator Oucts Outboard

The L_A P_C ducts, outb_z_txl *_ill be received LUX clean

wit_ both ends se,le_ a_id gimbal restraining fixtures

in place.

_) Attach _VC auct H_dling Fixture to duct.

b) Attach hoistin,j device to handling fixture and hoist

duct into Thrust _tructure and position it three (3)

inches beneath the [_X adapter spool lower flange.

c) Remove seals simultaneously and mate flanges _uc ,_*_''-

d) Secure joint and rmnove hoistin_ device and nmnd .....>
fixture.

e} Install t_'mporary PVC Duct support fix*_ure.

f) Secure aft flange of duct to temporary support fixture

Vert_ca_ ASS ambly Pos i_:ion

Insta_l DJX Suction Ducts



2.9. _.!

2.9.9.2.2

(Ccntinu ed )

The IbX 3uction Duct will be received with Im_sulation, roller
supports and gimual restraining fixtures in place on ducts.
The duc_s will be clean with both ends sealed. The Fuel Tank-

Intertao3_ Joint is complete.

Attach funnel guide (roller support, c_ressor) to upper
end of fuel tank tunnel.

b) Attach LOX Suction _ct Hoisting Tool to forward flar_e
of dUCt,

c)

d)

e)

f)

S)

h)

i)

J)

k)

l)

m)

n)

Attach roller guide to aft Flange of _t.

Attach overhead crane and rotate duct to a vertical

position about a pivot point on dolly using the roller
guide as the pivot.

Remove gimbal restraining fixtures and lift duct to mouth

of funnel guide.

Lower duct ten (lU) inches into funnel and hold duct there

as the crane is moved to align duct with center Line of the
tunnel.

_ower duct U,rou_ tunnel until the aft Flange ten (I0)

inches above its mating flange.

Remove roller guiae and install guide pins in lower duct

flange.

Lower duct s_ (6) inches and remove seals simultaneously

and mate flanges immediately.

Remove guide pins, secure joint and remove lifting tools.

Install duct sliding Joint, expansion and compression tool,

at aft Suction d_ct Sliding Joint.

Use tool to compress joint four (&) inches, to allow LOX
Tank minting.

After the LOL Tank J)int is 25_ complete remove seals from
both LOX Tank FittJ_ and LOX Suction Duct.

Using a radio communication system to direct the expansion

of the sliding joint, mate surfaces immediately.

o) Secure joint and remove installation tools.

_t _a-!l!_A _bb_tn_ Systaa

A detail plan will be prepared later.

2-27'2



2.9.9.2.3

2.9.9.2.5

A detail plan will be prepared later.

_t_l _ ,_._, AndDr_u_:me

A detail plan will be prepared later.

!ns%e_l LOX F_er_ency _rain LAne

A detail plan will be prepared later.

U3 4211
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2.9.10 Envtrormental _trol SyBtem

2.9.11

2.9._

That part of the s_stem which purges the Thrust Structure

is wholly contained in the Thrust Structure and will be

installed in the atz_cture plck-up poeltlon. That part
of the systemwhich purges the black boxes is contained In

the Forward Skirt and will be installed In the Final Ass emhl_
Horizontal poeltlon.

No abnormal i_tal_tion problems are anticipated.

;r i_. Feed _ _n Syst--

The Fuel System provides the necessary ductlng, joints,
connectors, valves, sensors and fittings to load a_d drain
fuel between the ground suppJ_ system and the vehicle Fuel

Tank and to deliver fuel from the tank to the F-I engines
at the required flow rates.

The li_ted number of engineering drawir_ releases precludes
definition o_ lnsta_Llation sequencir_ at th_s time.

Fqel Presaur_tt_on System

The Fuel Preasurisatlon System will be installed in the follow-
ing sequence,

These item will be installed during the Thrust Structure Pick-
up poeltlon:

Man.old.or Heli_
Man.ifold.,Co_ Helium
Feeder O_cta-tiot HeLium
Feeder Ducts.Co_ HeLium
D_ct l_er-Hot Helium

The following items will be installed durlr_ Vertical Assembly
peettion:

_ct Upperd4ot Hellua
D_ct Vents

The following Items wlll be installed during the Horizontal
Assembly poeltiQn:

Duct Tunnel_ot Helium

Duct Tunnel-ai_h Pressure Supp_
Flow Control V_lve_ Tunnel

Duct Fill and D_elAum

Duct Supp1_'-Cold Helium

The Helium container manifold and other Ltecellaneous hardware

will be installed duringb_ild-up of the tanks. A more detailed

m t-o.,,,.,,
2-27_.
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2.9.].3

2.9._

sequence plan will be developed as Er_neerlng is released.

With the me oA' an lsypln_ traetor, tow the en_ mounted on the
horizontal handler to the Horison'r_ Aeeeab_ area.

With the C-gE Engine HaadlA,_ Fix_=e in place on the portab&a "A"

Frame type crane, Inmert the En_ HandlAag Fixture into the

enllne, through the Eagiae Thrust _ exit.

After inflating the clamps on the Engine Handling Fixture, loosem

the m_br_e from the horizontal handler and posAtion the en_Lne to

the Stage with the IA" Frame,

Polition the e_ne work platformm to the Sts4_ around the e_

With the aid of the _n_ine Handling Fixture and the "A" Frame,

index the engine g_ bea_ to the Stage,

L_stall the eight _ bearing attach bolts and torque.

Attach the Sta_e end of the actuators to the Sta_e with the

washer and attach pin.

Deflate the clamps on the Engine Handli_ Fixture and remove the

Engine Handling Fixture and the "A" Frame from the engine.

Remove the actuator mappcrt tool from the enalne and retux_2

the tool to the F_Inebuild-_p area.

Install the nine vrap-_ lanes that attach to the engL_

and to the Sta_e Interface.

Secure the LOX Suction Duct to the engine, in, tall the bolts and

torque.

Secure the two Fuel Suction lines to the en_e, install the

bolts and torque.

The center ea_Lne _ill be handled in the same manner except

that this engine does not have gimba, l.i_ capability.

Thrust Vectcrir_ Sy_te_

The Thrust Vectoring System will provide directional control of the

S-IC Stage through an Engine Position Hc_itorlng System, Control

System, servo actuators and gimbals coanected to the four outboard

There have been no Engineeri_ lmmtallation D_a_ received as

of thls time. _nstallation procedures will be foz'tJ_oming a_

cLra,_.nga are released.

I
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2._).16

_DX PFessu_izatlon Systea

The _X Pressuri_ation System will be installed in the follc_-

These items will be installed during the Thrust Structure Pick-

up position:

GOX Ducts, 14ar_fc_d to Heat Exchanger
_x FLow Control Vt_ve

GOX Duct, Flow Control Yalve to Skin
LOX Pre-Pressurization Line

The following items will be installed during the Horizontal

Assembly position:

GOX Duct, Skin to Bulkhead
_OX Duot, Tunnel

GOX Pressure Sensing

_X Tank Vent _nd Relief System

The following items will be installed during IDX Tank buildup:

GOX Diffuser

GOX _uct, Bulkhead to Diffuser

A detailed plAn_ll be developed as Engineering is released.

F_uld Power System

The Fluid Power System components will be i_stalled as follows:

The parts ot this system Listed below will be installed during
the Thrust Structure pick-up position. Thoee parts not lasted

are the E_ne Group's responsibility.

_act-Return
Duct-Uabilical Connection

Seals-Fuel

Ouc t-Supply

A detailed instalJ_tlon plan will be developed as Engineering
becomes available.

I NO. . ,_ , _= +



2.10 E I_Z BUII/)UF

The Engine, mounted on the Airborne Handler, is removed from the
_la:_ on arrival and utilizing sling and crane, the Airborne

Handler and Eugkne is loaded on the trailer for transport to
"<ichoud Facility. (See Fi_e 2-180).

Crane facilities at _choud and the Airborne _ma_Lling Sling

are used to remove the Engine and the Airborne Handler from
the trailer and position on the factory floor. (See _e 2-181).

Remove the Security Cover and the Thrust Chamber Plug from the

En_Lne.

Elevate _ngLne from the Airborne Handler with the overhead crane

facilit', and rotating sling.

Remove the Airborne Handler, rotate the Eaa_u_e %o the vertical
position, and place the Engine on the Vertical Handler. (See
Fi_,_re 2-1,82),

Th ._Airborne Handler and the Security Cover are prepared for

return to the Rocketdyne.

Tran_port the Engine and Vertical Handler to Inplant Test for
receiving inspection check. (See Figure 2-85).

pen completion of receiving inspection check, transport the

engine m_nted on the Vertical Handler, to the Engine Buildup
Area. (See Fi_ire 2-183).

Position the 7ertical Engine Work Platforms around the Engine.
(See FIiure 2-184).

The Actuator Arms are bench-set to length, as specified in the

data sheets _Jpplied with the _nglne, and locked in the nominal

position.

2.i0.1.1 I__%rumentation System Ir4_ti_

The ir_tr_mentatlon to be installed includes that which is

attached to the _ine Skirts for Engines I01 and 105. Engine

skirts for E_glne 102, 103, and I04 do net require instrumentation.

See drawing, Seneration Preak_own, Engine Instrumentation their I01-
I05, for detail Engine Instrumentation.

a)
b)
c)

Instal/ cabling for the Instrumentation System

Install Engine Calor_r Purge Lines
Iratall Overboard Drain Lines

The overboard drain lines are furnished by Rocketdyne and

are shipped as loeee equipment items. They are installed

per the _cketdyne Loose _Zquipment Installation Drawing.

us 411!
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2.10.1.2 Actuator Fluid Power Systm Installation- (See F_e 2-i_5)

2.10.1.3

2.10.i._

ZDa.I.5

2.10.1.6

The Actuator Aim lengths _have been pre-set on the bench per the
Rocketdyne Engine Data Sheet.

Actuator Arms Installation (See Figure 2-186)

a) Using the overhead crane and the actuator arm handling tool,

hoist the actuators into position.

b)

c)

Attach the lower end of the actuator arm to the engine with

one actuator attach pin and one actuator attach pin wisher.

Clamp the u_ e_ of the actuator arm to the actuator

support tool.

Engine Fluid ,,_ System Installation

The Engine Fluid Power _etem is installed per the installation

drawing. This system is located in the general a,_em from
Station $5 to Station 53.

Insulation Instal_ation

a)

b)

The Engine Insulation is installed per installation drawings.

The Insulation that Is furnished by Rocketdyne is ahipped

as loose equipment. This insulation is installed per the

Rocket_e Loose Equi_t Installation _. It is a
one time, flight insulation, and is installed in the re-

furbishment area after static firing tests have been completed
at M.T.C.

Return the engine to Inplant Test on the vertical handier for

post engine buildup checkout.

Buildu_ Checkout

After checkout is completed, return the engine to the engine buildup
area. Remove the engine from the vertical hancLler and rotate the

engine to the horizontal position with the rotating sl_. Place the

engine on a horizontal _mndler. The engine is now ready for inst$1-
lation on the S-I? Stage.

um_ I
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Figure 2-185 - ACTUATOR FLUID POWER SYST_ TT_STALIATION

US _lgl! 40_

!

i

I_Aet 2-284

9-



Figure 2-IB6 - ACTUATOR A_ INSTALLATION
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2.11

Z.II.I

2.11.2

Z.II.3

2.ll.4

2.11.5

A£I_AB_T

After completion of Static Test Firing at MTO, the Stage is

returned to Michoud on the S-IC Transporter and placed in

the position assigned for Stage Refurbishment. Personnel
Platform and Sta_Lug are positioned and secured. Internal
Platforms in the Furward Skirt, IntertanM and Thrust Structure

areas remain installed through ccmpletlon of In-plant test.

Systems which are utilized for Static Teet_ on,V, or have

both Static Test and flight confi_mL_atlons are removed

entire_ or replaced with fllght hardware.

Hardware removed entlre_v or replaced includes:

Remove balance of Static Test Base Heat S_ield Honeycomb

Panels and .25 inch steel blast plates. _ removes one

panel and steel plate in each quadrant to permit installation
of the mar_ engine glmbal actuators. All Heat Shield

Flight Panels are installed at A_ FLi_t esrtains are

In_talled during T_st Structure refurbishment.

Water D_e .s_sta_ ,.. stat_.cT_st

Water Deluge System components -_LII be removed at MTO. The Heat

Shield panels to whi_ they are +secured are removed to allow

installation of manual engine gimbal actuators.

_X _genc_ Dra_ S_,tem- s_tic Tat Only

IDX emergency drain _revalve, seals, duct, adapter and
drain valve are removed at MTO prior to return of the
stage to Hiehc_d.

LOX _s_imtlon S_stea

_emove pressurization duct, vent and low pressure relief

valve and _nstall 50 pound valve. The pressurization duct
opening will be sealed with a _e_.

Remove all insulation and replace with flight quality material.

U_l 41a_lI
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2.Ll.6

2.11.?

Fuel+ __tlon System

vent and relief duct asse_17 in the RP-1 fuel tank
and re3_ef TalTo| (_) line assemb_8, (]12 Tent valves,

fuel prossure duct, and pressure relief sv_teh. Insta_
flight relief switch, presm_zl switch, hellum tee plate
and fuel ve_t and relief valve.

q_.r Work Ite_

Ranoval of' enl_L,'_ measuring instz_mn_; vac_m fittings and
pressure differential insets and their replaeeaent
with flight configuration items will be required.

ul 4211 4O0O
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PRO_RAF. SCHEDL_S

Schedules are provided for the _oeing support of the P_ Ground
Test and S-IC-I vehicles and the Boeing program for S-IC-F, S-IC-2

through S-IC-IO. (See Figures 3-I and 3-2_.

_tail backup schedules are available for each major _rj_m%em,
structure, or equipment package. These detail schedules are based

on Engineering Release and current con.flgurat£o_. Bui_du_

schedules, cycle projections and p_sitlon requirements are based on

vehicle dellvery requirements.

P-_T is utilized to study the current schedule posltlon. A net_rk

of approximately 2,000 items and analysis is subtend to the

cus%omer bl-weekly.

_ Jr IN _ I-o. D_'12561
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3.2 Y_NUFACTURING _q.L SCALE MOCK-UP

The design of the Saturn V S-!C program included the utilization of a

full scale Class III manu_racturd_r4 mock-up. This manufacturing tech-

nique permits the scheduling of wiring _ tubing planning, development
and fabrication concurrent with the structural assembly. As a result,
the wiring and tubing _ are installed directly in the initial pro-

duction stage reducing the in-plant flow time for the assembled structure.

_ually important, a manufacturing mock-up provides the medium to in-

corporate revisions to installation work generated by design changes.
The attendatn installation items can be planned, developed and fabricated
for installation without disrupting the scheduled production program.

A mock-up adequate for developing wiring and tubing tans requires the

following sections,

a) Aft Fuel Tank and Thrust Structure Section extending

approximately six feet forward of the bulkhead station.

b) Inte_tank section extending from approximately six feet aft of
Fuel Tank bulkhead station to six feet forward of the LOX tank

bulkhead station.

c) Fcrward Skirt Section extending approximately six feet aft of LOX
bulkhead station.

YAnor mock-ups are required to simulate hardware located between these
sections.

The ÷_hreemsin sections are floor mounted and spaced with respect to

one another per production drawings. Mechanical means will be provided

for alinement as dlc_ted by optical tooling.

_oc_-up structures are manufactured to significant production tolerances
and configuration. Simulated equipment will approximate envelop

dimensions but interface connecYions are held to production tolerances

_nd configuration. Rejected production hardware will be used in place

of simulated equipment when possible.

All electrical, electronic, mechanical and hydraulic systems are simulated
in each of the sections.

Structures and hardware are constructed of metal, plastic, fiberboard or

good grade of wood. Actual selection is based on the shape and loading
of individual items.

All bulkheads are fabrioated in eight 1/2 inch fiberglass subassemblies

using molds desi_ed and fabricated according to TL-II. The design of the

bulkhead provideu a simulated Y-Ring.

Subassemblies ar_ built to close tolerances so that they can be used in

place of major t_:oling, to build the major assemblies.

_ _/At'LI' ],,,,o: D5-12561 ,
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3.2 (_nt_u_)

To save layout time and preven_ adverse accumulation of tolerance,

pilot holes for fasteners are drilled in only one of two or more
mating ports or subassemblies. The holes are drilled thr_ all

parts at the assembly operation. The part chosen for the pilot holes
is the one most accessible at the asseably cr_eratie_.

The subassemblies built in the vertical Positien utilize standard opti-

cal equipment as defined in the Boeing Optical Tooli_ Manual TD-180.

After completion of the model, wire and tube _v_nt begins. This
consists of wire and tube la_ir_ per engineering specifications with

routing and Junction points stipulated by Manufacturing _ineerlx_.

Approximately 25 per cent of the akin area is eliminated for access
mindillumination.

3.2.1  asufacturi   neerln6  esl nslbillty

Coordinate all mock-up pro_rsms with other Boei_ units affected amd

with MSFC to assure compatibility with operational schedules.

Maintain adequate configuration accountability records.

Define mock-up reagents and issue directions to build new mock-_

or to revise or terminate existing modes.

Issue drawings, sketches, and other specifications needed in the
fabrication or _ of the mock-up.

Su_t sketches and production illustrations of developed wiring

bundles and tubing runs for Project Engineering _val.

3.2.2

3.2.2.1

3.2.2.1.1

3.2.2.1.2

Final Assembl_ Sequence

structure,  ction

Aft Thrust,St*?Actu._Subassembl_

__ ,,Intertan_ Section Subasse_b_

Same as intertamk

n.al section

The Forward end. Aft Intertank Section Subassemblles are aligned stud

leveled with respect to each other usin_ optical equl;ment, portable

cranes, and hy_s_lic Jacks. The subassemblies are mou_ted on _our

dollies at this point. They will be bolted together at Station 757.
After the secti_ are bolted, the Lntertank Section is elevated using

portable cranes, and the dollies removed for use with the Forward Skirt
Section. The following assemblies are installed after the Section

Assembly is complete: Wiring and Tubin6 Tunnels, Structural Stiffeners.

U| 4_11
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3.2.2.2 Forward Skirt Section

3.2.2.3

3.2.2.&

3.2.3

The Assembly starts by vertically lowering the Forward Skirt Sub-

assembly over the bulkhead. After the skirt is installed, aligned
and secured, _le resulting asse_ly is vertically lowered over the

LOX Tank segment, aligned and attached. At this point, portable
cranes place the assembly on a low-boy dolly for movement to the

mock-up area. At the mock-up area, the Section is lifted from the

low-bey dolly, turned to the horizontal position and floor mounted.

The Wiring and Tubing Tunnels are located and bolted to the skin of
the Forward Skirt Section.

Installation of Electrical and Electronic Equipment

Ibis equipment is installed after the mock-up has been placed in the

horizontal position. It consists of electrical equipment, trans-

oucers, sirp_al conditioners, a f!i_t sequencer system, command

destruct s_te_, ODOP trac?_ng _ystem, RF system, telemetry system,

T_ and photographic auxiliary equipment. The simulated equipment is

installed and located per production drawings. Actual production

connectors, modified as required, are mounted ;_r vendor or produc-
tion dra_ing s.

Installation of Mechanical _ipment

_ipment Installation begirm after the structure is complete.

__irin_,and Tublt_ Development

After assembly of the m_ck-up, includinz installation of simulated

electrical, electronics, mechanical and hydraulic gear, development

of wiri_q and tubing runs begins.

Prom En_ineerin_ wire diagrams, preliminary layouts, sketches, and-
other specifications provided by Project Engineering, Manufacturing

develops wire routing, Junction points, wire supports, and assembly

sequences, the resulting sismlated wire r_ne are then installed on
the mock-up.

After duality Assurance has accepted the simulated wire runs, Manu-

facturi_] Engineering prepares installation sketches, wire bundle

drawings, and production illustrations for submission to Project

En_ineerlng. Manufacturing then proceeds to fabricate formin_ boards

upon which the first production bundles are a_sembled. _uality

Assurance then buys off the bundles baaed on Project _gineering

approval of the submitted sketches, drawings and production illustra-

tions. Following _uality Assurance buy-off, the bundles are installed
in _he p_oduction stage.

Tubing runs are developed similarly except that templates are developed

from the simulated runs and subsequent" production tubing runs are made
from the templates.

J] 4,211 4000
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/
3.2.3

?.2.&

3.2.&.l

3.2.&.2

3.2._.3

(Continued)

jimulaLed wiri_ and tubing runs are re-installed in the mock-up after

fabrication ctf forming boards and tmnplates.

_nf_uration Control

Control is maintalr_d through release of fabrication drawings by the

_bck-up Group E_ineer through Production 0ontrol and by the use ef

configuration accountability records.

The _ck-up Group _nglneer confers with the representative of Quality
Assurance for the resol_ion of all _roblems of interpretation.

Compliance of the Mock-up with production drawings and current con-

figuration accountability is determined by comparison of production

drawir_s with Mock-up drawings, confi_ation acco,Antabilit_ records,
and _hop orders. All production du_n_es are incorporated into the
_bck-up with exceptions as authorized by the Mock-up Group Engineer.

Components and suba_seablies are aligned and secured. Overhead or

portable cran_s (depending on the availability of overhead cranes)

are required.

• F_r_._, Thrust _tr_ct_e _ubasseab_y

Same as Aft Thrust Structure oubassembly.

Ass_!j_ (Thrust Structure S.e.c_on)

The Forward and Aft %_ust Structure Section Jubassemblies are placed

on a low-boy dolly and moved to the model area. The subassemblies are
then removed from the low-boy dolly, turned to the horizontal plane

and lowered into position. The subassemblies are leveled and bolted

together (using Splice Pings) at Station 280. After removing the
dollies the Thrust Structure Section is positioned with r e_pect to the

total assmably. After thi_ ha_ been completed, the foll_r_ sub-
assemblies are installed.

a) Wirinz and Tubing _unnels

b) Fin Jtub 3hroud

c) Actuator Post _ports

d) Heat Shleld Support Beams and Panels

(The installation of these are deferred until mechanical and electrical
equipment has been installed.)

Intertank Section

0 0 _r#AYO I-o.D_-12_61
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;,3,_;,3," ;f: .l_nt.e.rta.nJ<5ectlon 5ub-A$semblE

The subassembly begins by installing the aft LntertAnk Skirt Sub-

_,zsenbly on the Fuel Bulkhead (the 3ulkhead remaining on the
_ss_oly Shop Aid on which it was assembled(. After the aft

Intert_nk Skirt Subassembly is installed, allnec and secured, the

resultin_ sub-ass_ly is vertically raised and lowered in place

cvet the Fuel Tar_k Segment. The subassembly then is positioned

_n_1alineo using several turn-buckle arrangements _unted between

_irs of brackets located on the Skirt and Se_ent assemblies.

[he resultin[ assembly is moved to the .mock-up area on _ low-boy
_lly. A_ this point, the assembly is removed and turned to a

n_'rlzontal position (using potable cranes) and _oor mounted,

_ Ar j,_ 4F'
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3.3.1.i

}.3.1.i.I

Ai,JF_CTbkI_,G DEV_LOP_ENI _D _RLCESS CO_rdOL

_:mnufac_in_ ,ar_+PFocegs Development

Process developc£nt requirements for the Booster Stage o-iS are divided

into four _ener_l categories depending upon the location at which the

development is performed. The preliminary process development work is
being performed at the l.Arsha]l _ce Flight Center. Other develop-

ments are bein_ conducted at the _ichlta and _choud facilities of The

BoeLn_ Company. Development at the _'_ichoudPlant consists primarily of

refinement of _FC processes as related to the rmnufacturlng of the

booster stage S-IC. A fourth category will cover subcontractor efforts.

Wherever possible, the same processin& techniques will be _sed at both
:_FC and i.ichoud facilities. At this time, the only firm methods are

those applicable tc the fuel tank assembly bulkhead structural test unit.

Others are of a preliminary nature. These processes will be verified
during the fabrication of the test components. Paragraph 3.3.1.4 of

this section lists typical manufacturing process documents. These

documents will be kept current and others aOded upox, completion. The

process development requirements to faOricate the booster stage S-!C.
As work is accomplished to improve the state-of-the-art and as the design

parameters are established, this section _ill be modified.

Process Develorment - . " "........... _ ._._I_._choud P_nt

Refinement of techniques established at t_FC will be carried out to

reflect i,_choud requirements. Operator training and process and

equipment certification will be conducted concurrently. Programs will
be conducted in the areas listed.

Weld development programs will be conducted initially usin& a universal

flat-plate holdin_ fixture (Universal Development _ld Fixture _-3OO-
OOOO1) to establish basic welOing parameter. This universal fixture

rmy be used for weldin£ test plates in the flat, vertical, and horizon-
tal positions. (See Figures 3-3, 3-,_and 3-_)

Process development for fusion weldlnL fittings to apex and base _ore
segments. The simulated fitting development weld fixture D_F-300-_,O¢O2 ,

capable of holding up to one-inc_ thick material, will be used to -_e-

velop the welding techniques required to attach the fittlnds a_ p._lar
cap t, the gores. (See _i_ntre 3-6)

Process development for fusion welding apex gore to base _ore." Usin_

the basic welding parameters established on universal fixture D^Y-_oO.

00001, full-scale test-panel welding of the apex-to-base joint will be
conducted using apex-to-base developmen_ weld fixture DWF-300-OOOO3.
( eeFigure 3-7)

m o _JNo
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FROM DEVELOPMENT SHOP

SCIAKY POWER SUPPLY

SHOP

_-a_mm4mrr
TORCH

Figure 3-7 SIMULATED APEX TO BASE DEV_(_M_T _ FIXTURE

_F-300-0OOO3
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3,3.1.i.I (Contlnued)

Process develspmnt for __-&_re asNmblles. Preduetlmn

carriages and faeilltles _ be installed on gore-to-pre deve_nt
weld fixture DWF-300-OO00_, where the_ will be debq_ and used to

develop setting and train operators. (See Figure 3-_)

Process dev_nt for fusion waZd_n_ _ assab_ to Y-f_ng
assemblies. (See Figure 3-9)

Process develo_nt for fusion weldlng polar eep to head assemblies.

Process develepmnt for _ion w____ing LOX and fuel fitting assemblies.

To _apport the produotion welding of the fuel suction elbows. Manu-
factur_,g Dsvelop_nt will be required to determine the weld settinp.
sD__n_ tolemncu, and techniques before production assemblies can be
fabricated. Man_aetarlng Development will utilize aft fuel fltt_

test _Id f_.xtmre TWF2-304-24216 and 60 to fabricate the aft fuel
fitting assemblies for the first mockup head assembly (See Figure 3-10)

Dete_jtion of manual weld properties in terms of reliability and

repeatabillty.

Acolptance-test weld equipment to verify performance and endurance

capabillt_. Welding equipment acbeptance test weld _Ixture DWF-300-
00007 _ be oo_st_uo_d to utilize a standard side heal and carriage

with motor and speed centrols which will be mounted on a fabricated

pedestal. The pedestal will be designed to allow the beam to be ro-
tated for vertlcal acceptance weld testing. After acceptance tests are

completed, the _Idlng system would be released to production and the

f%xture made ready for the next acceptance test. (Figures 3-11, 3-12,

Refinement and improvement of fusion welding techniques for Y-Ring.

Process development for fusion w_iding of skin se_ment_.

Process development far f_sion _dlng of LOX tunnel oomponents and
assemblles.

Process development for TIG spot welding of clips and attachments.

Process development for fusion w_iding of circumfereatlal Joints.

_tablishment of weld or trainin_ criteria.

_tabl_hm_t of prooess oontrol documentation for all production

operat on .

3.3. .L2

Development of cleanliness requirements for Saturn S-IC propulsion

system and _ub_ywtea hardware.
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HORIZONTAL13(VEI,OF'HENTWELD FIXTUREY-_NG TG BOLKHEAD
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Figure 3-10 AFT F'U_,'I ? _'_" "I<. ,.t_IO T_' _ FIXTURE ELBOW JOINING
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Figure 3-II _QUIPMENT ACCEPTANCE TEST FIXTURE _WF-300-OO00?

ROTATED TO VERTICAL POSITION
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3.3.1.1.2

2.3.1.1.3

3.3.1.1.4

3.3.1.1.5

3.3.1.1.6

3.3.1.I._

3.3.1.1.8

(Continued )

Development of cleaning and etching processes for 2219 aluminum.

Development of chemical or mechanical methyls for cleaning weld sur-

faces prior to and after welding.

Establishment of process control documentation for all production

cleaning requirements.

Chemical M_LI_

Development of procedures for chemical milling 2219 aluminum.

Establishment of process control documentation for all production

chemical milling requirements.

Development of methods for conversion coating In-process materials.

Establishment of process control documentation for all production

conversion coating requlrements.

Development of foaming techniques for fabrication of the S-IC tuel
tank exclusion riser.

Establishment of process control documentation for all production

foaming requirements.

Ins_tion

Development of installation and repair procedures for all S-IC insul-

ation requirements.

Establishment of process control _cu_entation for application and

repair _ all insulating materials used in production.

Bondln_

DeTelopment of techniques to satisfy established bonding requirements.

Establishment of process control doaumentatlon for all production

bonding requirements.

Mach_-_n_

Develo_nt of techniques for tri_g of components prior to welding.

Development of Y-Ring machining techniques.

B O _fNO



3.3.i.i.S

3.3.1.i.9

3.3.1.1.10

3.3.i.i._

3.3.i.i._

(Continued)

Evaluation of cutting fluidd for use in maehlnlng processes.

_valuatlon of process c_l documentation for all pr_ductlon

machining requirements.

Evaluation and selection of por+_ble tools to assure capability for

intended application and compatibility with factory cleanliness re-
quirements.

Establishemnt of process control documentation for all prodm_tlon

portable tool _uirements.

Establishment of fastener installation requirements.

Establishment of process control do_,_mentation for all production

fastener installation requirements.

Development of heat-treat processing for Y-_ weldments.

Development of heat-treat processing for Y-F/rig sepe_ts after rolling
to reduce residual stresses.

Development of methods and processes for aging gore apexes and bases to
contour.

E_tablishment of process oontrol do_%atlon for all production

heat-_t requite.

_le ctr ical/E!e e1_rgrLic

Establishaent of process criteria for printed cables and connectors.

Establishment of process criteria for potting of co_onent_.

Establls_nt of insulation an_ cable-sheath_ process cz_teria

Definition of wire bundle processing requlreBents.

Definition of printed circuit board processing requirements.

Establishment of process control documentation for production elec-
trical/electronic assemblies.

!

I,._ .... ->-



4211 4¢¢¢

_.3.i.i.i_

3.3.1.!.I_

3.3.i.2.3
/

3.3.1.2.4.

Forming

Development of tube forming and flalring methods.

Establishment of process control documentation for all production
tube forming and flalring requirements.

_eZan_r_ aria _t_ve _estin_

Devel_ment of X-ray interpretation techniques for heavy aluminum
weldments.

Development of weld defect locating techniques.

Development of producible weld allowables.

Development of stress corrosion allowables.

S_ablis_u_ent of _rocess control documentation in the areas of metal-

iurgy and non-destz-active testing as required.

Process Development _ _ing/Wichita Fa_illt_

Development of cleaning, etching, conversion coating criteria for

41chita-produ cod hardware.

Establishment of process control documentation for all production

chemical process requirements.

Development of machining criteria for presculptured skin and gore

panels.

ZstabLtsh_ent of process control documentation for critical production

•achining operations.

Hea t _tin_ and Heat Sourcea

Development of heat treat source criteria for age-formed components.

Development of heat treat criteria for welded steel tubular assemblies.

Establishment of process control documentation for critical production

heat treat operations.

Formina

Development of bulge forming techniques 'for gore segments and polar caps.

Development of age forming techniques for skin segments.

D5-12561
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3.3.1.2.4 (Cent Inued )

Development of hammer forming process criteria for fuel fitting elbows.

Development of forming methods far titanium and alumim_ engine-fairlng
parts.

Development of tube gathering techniques for engine purge system.

Development of tube "T" forming techniques for S-IC components.

Establishment of process control documentation for all production
formin_ operatiQns.

3.3. i, 3 _ces_ Deve!o_ment - Subcontrac_?r

/SFC and Boeing will use established subcontzmctors to mlni_uze out-

plant development requirements. MSFC and Boeing will provide develop-

ment support for their respective subcontractors where necessary. Each

will work independently to assist the subcontractor: however, problems

affecting both MSFC and Boeing concerning one subcontractor; will be
Jointly coordinated.

Development of chemical milling of bulge-forming gores by _an and Martin.

_ical V_C_ Control Doc_.en_

Welding of fittings into the Bulkhead for
the S-IC Vehicle

I_-._:_,-MPROC-200.2

December i, 1962

_,_iding of Skins for the S-IC Vehicle >_.PROC-300- 3
December i. 1962

Welding of Bulkhead Gores for the S-IC
Vehicle

F_}_M_ROC-200. I

December 3, 1963

The Acceptance of Spooled Type 2319 Aluminum
Weld Filler wire for the S-IC Vehicle

Hydraulic Bulge Forming of 34" Center

Pieces for the S-IC (c-5) vehicle

E-_-2_ ROC-700. i

December _, 1963

K.-V/.-_mBDC-_45.0

December 27, 1963

b_chining of Tank Skin Sections fo_ the S-IC
(C-5) Space Launch Vehicle

K-,_T_-_ROC-510.O

January 2, 1963

Surface Treatment of Weld Areas of the

S-IC Bulkhead Test Fuel

The Surface Treatment of Skin and Bulkhead
:'_terial for the S-IC Vehicle

1"_'%.25

M-}_-_ROC-150.9

January 22, 1963

F_M2-MPB/)C-150-TA
January 30, 1963



/ 3.3.1.4.2 Boeln_- _CD (Manufacturlng _ce_s .,Control _t)

3.3.2.2

3.3.2-3-2

_- _Ring W_Idlng  mcD DS-n  

Y-Ring Stress Relief

Fmchining Welded Y-Ri_

Y-Ring Cleaning and Coating

S_eci_iz_i Manufacturln_ Dev@_nt _ Production _ui_t

 tr u 'cion

This section co_-ez_ the development shop specialized equipment and

production shops specialized equipment of the Boeing Company. Michoud.

The development s_ production effort to ma._fac_ure the S-IC Stage at

_,iicnoudwill require equipment to support _ Khe assembly installa-

tion and rework of fabricated oomponents. Meet of this equipment is

_tandard; however, some specialized equipment, will be required to per-
fo_ specific tasks. Equipment of this nature is listed below for

reference. _hi_ list will be kept current as new items are defined.

Development Shop 5Decialized EauiDmgot '- rus_n We_g sys_

Sciaky, 600 ampere, iOO percent duty cycle power supp_, MIG - TIG

capacity with mast-mounted side beam, carriage, wire feed system,

proximit_ control, oscill_tor, vernlstat, and special carriage curved
track operation.

Linde. 500 ampere con_tan_ current TIG and 750 ampere constant potential
_XG missile maker wi÷_ mast-mounted side beam, wire feed system,
carriage, oscil/ator__ and pr.oxlmi_ controls.

P_cti_ Shoos S_eciallzed _ui_t_

Vertical MILl -

Miles, 27-foot diameter table with maximum of 42 foot diameter. Special

table extensions added to provide 33-f_ot diameter capacity. Maxi_mu_
height under column - 12 feet. Table drive 250 horsepower. Table speed

0 to i0 rpm. Independent feed controls for each cutting head.

We/AI;_ an¢ _chlnin_ Feeitloner ,,-Af% l_l,el Fitt&n_ _ly (P_sed)

This is a I000 pound (approximately) positioner designed for eccentric

loading of fixtures with 0.0005 inch per inch radius backlash and 0.012
to 1.20 rpm speed range, one percent regulation and resetability.

,alP'_ J'_,%,4_' 1-o. D_-1256! ......
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3-3.2.3.3

3.3.2.3.4

3-3.2.3.5

33.2.3.6

This manipulator is an elght-inch vertical by elght-inch horizontal

unit wlth sufficient rlgldlty to support a millhead at the end of the
horizontal beam, six feet from the vertical cola cemterllne. Max-

imum deflection shall not be _eater than 0.005 of an inch.

Linde, 500 _e cormtant current TIG and 750 ampere corm_t poten-
tial M_G missile maker with torches, wire feed controls, and an oscil-

lator speclflcally made for attachment to fixture WFA-30Z-?O57.

Sclaky, 600 ampere, I00 percent duty Cycle power supply, _IG- ?IG

capability, vernlstat, oscillator, and special carriage for use on

fixture WF-302-?OIO.

Sclaky, 600 ampere, i00 percent duty Cycle power supply, MIG - TIG

capability, vernistat, oscillator, and a special carriage for ume on
fixture WF-3_-?OI2.

, , l.o. D5-12561



INTEGRATED _T PA_TS _QU_NTS - SP_KS

To achieve as_sts mana_nt of all Stage hard.re, a tec_atique

has bemn developed to in_rato the aati_ipate_ delivered spares

with the part_s sche_ for production installation, production

overage and reDarbishrmnt. The anticipated delivered spares will

be established as a capability, or stock level. A constraint is

placed on the amount of accelerated procurement or fabrication

to establish the stock levels. The total quantity shall not

exceed that armunt of hardware required to complete delivery of
the ninth flig_ht unit of the cor:tract_

Further, the stoca levels shall be such that, if no additional

requirements for _i-_ parts are rece-_vea, the stocks of parts

_II be incor_x,r_te.i Lnto prcductlon no later than the ninth
flight ,_n_.%,

Activati_._ of the technique wi.i/ be accomplished through the use

c_ _:, Integrated 3upport Parts Kequirements (!SFF.} Form. (Figure

Form is outl_'_e_ bclo_

The Iztegrat__ S.._.o_t _ar:.s Fo_ is a me_r_ of Indl¢_ti:-,g the

estimated number of suppc_-t parts which shou_ be a_ailable in

stores for both in-house us_ and anticipated _IASA demands. As

such, _t i_ _._ a_d to :'..u__f_cturing in schedu!_ng oruers b_ advance

of the n<r?-.CL _:'o,i,_ct_._,sc.hedules %_ fulfill *k_ose _upport needs.

The for_:, when ::,)_:_]_-_tvd_In_}!cate._ the latest point that a demand

order froz ._::,__C,-v _.,_._;_ < Pa_t _[ .... of _0ntrac% 1',AS $-5608

can be recei.v_.: wL _-." ;_;. 3li:{ & '_-;_%[;tlo_ in production schedules;

an_ it indicate_ ._u_:_,ort ;_eeC:._of _Gn£1 after _i_e produc_.ion

parts are _o ,;,c*_e_ avai].;_bie_

-)-
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_._.2

4.2,3

_.2.4

4.2.5

_.2.6

AUTH_ T_Ln_G

_:C_PTS

The tool_g used at _Imhoud will be iden_ioal to the tooling

used at _FC wherever practical and condmelve to economical

produc+_Lon. When _FC phases _t of t_ S-IC program, the
tooling will be transferred to _choud and will enable increased

production at the _4choud Facility.

TO011_O POLICY

Prc_uctlc_ SuDoor$

Tools will be designed to support a production rate as reflected
in present schedules.

_plic_te Too_s

Duplicate tools will be fabricated as required to support the
established production schedules.

Too$_ _ervice_ Life

The service life of all tools will exceed the fabrication of

twenty-five vehicles or be in excess of five years.

(See Figure _OL)

_ster gaging will be provided to control interchangeability

_nd replaceability of those packages so designated by engineering

desi_ or required for manufacturing control. Internal inter-

changeability or replaceabillty of a subcontracted package will
be negotiated between the Saturn Booster Branch M_uuufacturing
Department and the subcontractor.

All designed tools will be constructed in accordance with

established _e_g and _$FC tool specificatior_.

;:on-.__ _siam _ceRtions

Non-Deslgn tools (tools which can be fabricated directly from

information supplied on the en_ineerlng drawing and from
existing Boeing tool documents_ will be limited to those tools

described in Boeing Tool Documents. Non_design tools will be

designated and ordered by the Manufacturing Engineer during

the preparation of the _nufacturing Plan.

............. I _le" _-I
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AN INTERCHAN_BLE OR _CEABLE
E3T__ BY CONTRACT

[beuause dimensional control is ....

IF

L--_exoeptionally close tolerances are

|rmt compatible with practical

L_a_nufaetu_Ing proeessee.

IT _ CALLED:

------[-X - t1_l[LelK,_lt6_ GA_. IT IS

_._ /_ A _ COr_ROL

HOW_"J'_.R
OR

[
THE MATING VEHICLE SECTION MULTIPLE SETS _ MDG'S ARE I

FIY BE MASTERED BY A DUPLICATED FROM THE 1



4,2.7 Tool Des_ _ceDt_on_

Boeing tool designs will be comparable to F_FC tool designs

with the following exceptions,

a) Boein_ will assemble the basic booster structure in the
vertical position (versus horizontal) for the _FC.

b) Those _FC designs not compatible with Boeing production
schedules.

c) Those _FC designs of large tools which will not permit

shipment by common carrier.

d) Economical reason, i.e., where it can be ascertained

that a change in design would prove ber_flcial either

for tooling economy, production economy or a combination
thereof.

4.2.8 T0ol Design _teria

T0ol design criteria will satisfy the follc_ing basic requirements
of affected organizations: manpower, time and motion, schedules,

health, safety, power requirements, accessibility, inspection and

factory location with respect to height, special footings and

overhead service, All major tools will be designed to permit

dimensional changes, relocation of critical positions, and as much

flexibility as possible to allow incerporaticm ef engineering
changes with the least possible cost and production delay.

4.2.9 O_i cal Toolir_

Ite_ not requiring _ster tools will utilize dimmnsional control
through use of optics.

SCOPE

The scope of the tooling program is as follows:

The Government will design and provide to the contractor the tooling

drawings, and other documentation required for those tools which are
co_on to the requirements of the M_rshall Space Flight Center

assembled stages, the contractor Systeem Checkout Stage and flight

stages. The contractor shall notify the Contracting Officer in

writing those dates upon which the Contractor will require such
documentation to support manufacturing and assembl_ operations at

the Y_ichoud Facility. Such design shall be provided either as
completed drawings or, in the event that such drawings will not be

required _y Marshall Space Flight Center, or will not be provided on

the schedule requested by the Contractor for operationf at :<ichoud,
a Task Order shall be issued under Part IX hereof upon request by

the contractor to permit the development of such operation at the
Michoud Facility.

UII _11 4000



4.3.1

L_._.I

4.4.2

_.4.4

(Continued )

Tooling for fabrication of components common to the Marshall

Space Flight Center G_ou_ Test Stages shall be deeigned and

fabricated on a schedule and in a _anner to support the

orders for such c_q_orJnts issued under PART IX. Contractor
shall, in coordination with _FC, _nepare a tooling plan for

the fabrication of stage components setting forth a description

of the tool, the design concept, st_rtlng date for design a_ for

fabrication and the required activation date. The plan
also include estimated design hours, fabrication hours, and

activation hours and material cost. Co_ut_cact_rshall report t_

status of physical completion and manhours for such tools in a
manner to be specified by _e Contracting Offlosr. Contractor

shall obtain Contracting Officer's approval of the tooling concept
prior to proceeding with fabrication of those toole for components

to be provided under PART IX. With respect to tools required for

the performance of PART III which have not been released to

support PART IX, Contractor shall submit the tooling concept

and the tool design for review and approval prior to proceeding

with the design or the fabrication of such tools; provided, ho_-
ever, that the contractor may proceed with the design and fab-

rication ef the fabrication of such tooling pending apl_oval.

_fPES

The following are the major types of authorized _anufaoturlng
tooling to be used for component fabrication and assemb_v of the
S-IC vehicle.

Those tools which are used for the mechanical asse_l_ of
components subassemblies, major assemblies and final stage

assembly.

Welding Fixtures

Those tools _ich support and di_nsional_ locate cosqponent parts

for subasse_y and major assembly welding operatlo_s.

H P, xtures

Those tools used to hold and support co_ponents parts for sub-
sequent machining operation.

Han_l_ Tools

Those tools which handle, transport, and position all _m_menta,

subassemblies and major assemblies for in and outplsnt manufacturing

operations.

.B 4,111 4000
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U3 _I_ 40CO

4._.6

4.5

4.5.1

4.5.2

4.5.3

4.5.4

4.5.5

4.5.6

Fabrication T_

?nose tools which hold the component parts or assembly and guide

the cutting tools for subsequent machining operations.

Those tools used to control locations of installations, holes,

patterns, diameters of assemblies, contours and/or mating
surfaces.

_STER GAGE PIAI_

The F_ster Gage Plan for tb_ Saturn S-IC stage establishes control

of the eight major areas known at present. Additional gaging

requirements will be determined upon the releaae of firm engin-
eering design information. The necessary master _ging for the

known requirements are as follows :

Interface Joint S-IC StaRe ,to _-II ,StaRe

F_ster gaging is required to control the bolt hole pattern on the
interface of the S-IC stage forward skirt and the S-II stage

(MG furnished by NAA).

baster gaging is required to control the outside periphery and

diameter of the mating sections to facilitate assembl_.

Enzlne Fairin_ and _ _sembly

_aster gaging is required to control the mating contour and hole

pattern between the engine shrouds and the fins, and the Thrust
Structure.

_ster gaging is required to control the bolt pattern a_A periphery.

T_ster gaging is required for interface control of the gimbal

attach plato and the mating hole patterns. Gaging is also required

to control the actuator linkage attach fittings.

Thrus_ Hold Down Posts and _glne Pads

_ster gaging is required to control the radial and diametrical

positions of the engines and thrust hold down poets.

DOX and Fuel _ _Bolt Flan_e_

Froster gaging is required to control the hole patterns in mating flanges.



4.5.?

4.5.8

Y_ster _gt.ng iS required to control the p_r_hery and hole pa%_
of the aeeees doors and panels.

_ster gaging is required _o control the oo_t_ur and hole patterr_
for the raceway covers and caps.

!
0 o ArI,AYO _.o. D_-!2561
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IN THOSE CASES _ERE DM_I_AL CONTROL 15 _ PRACTICAL

iP.-,___c, rlo_ TOO_ _ S_T TO IUSU_ I

_EEN PARTS AND A_SEMBLIE3.

I'FAC_TA"=';'--_'_CO"_OL_ __'!
I TION Or CO0_D_ATED PRODUCTIO_ I
i TOOLS.. __ !

FIGURE 4--2

ul Q_I 4@OO
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LIST OFAU_40_ TOOLS

_t kkS_@_

HT370.,70_

HT370-7101

HT-370-7102

HT3?O-?IO?

HT370-7108

HT370-7110

TnTr_O-18050

_T335-18100

STR_70-18100

AF2-335-18100

A_35-181oo

_35-181o0

I-L_-33_18100

Ar33_183oo

A_-3S_18300

A_335-183OO

TM_35-18300

Assub_v Fixture, Upper and La_r Thrust Rings

T_I - Hoisti_, Center Engine Support Panel

Hoisting Teal, Upper aml _ Caps. Cer.ter

Eng_.e

Tool- HolstAag Sling, Thrust Ring

_I - Hoisting, Center Eagine Support Assembly

Hoisting Tool, Holdd_m Post. _atboard

Hoisting Tool, Thrust Pos%

Hoistlng Tool, Center Engine Post

Trailer - Transpoa-tation, Thrust Structure

Miscellaneous Tool, Skin Panel Sub-Ass_ly

Rack- Storage, Thrust Structure. Cylindrical
Skin Panel

Hoisting Tool, Skin Panel Sub Assembly Section

Assem_ Fixture. Skin Panel Asses_ly, Holddown
Position

Assembly Fixture, Skin Panel Asse_biy, Holddown
Position

Gags, Skin Panel Assembly, Holddown
Position

Holdln_ Fix%ure, Skin Panel Sub-Assembly Section

Holding Fixture, Skin Panel Pick-up Position

Assembly Figure, Skin Panel Assembly, Fin Position

Assembly Fixture, Skin Panel Assembly, Fin Position

Auxiliary _age, Skin Panel Asse_ly, Fin Position

Fixture, Skin Panel Assemblies

...................... i,,.,_
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4.6.1 (Continued)

FP370-18300

_CkO335.-18320

AF337-18602

AF337-18605

/dr337-_07

H_7_18_3

Ar_OT03

zr')_o-zs?o3

AF3_O-1870_

m_'33_zssoo

a'r37o-188oo

LDJ335-18901

AF335-18901

Personn_ Platfora, _llndri_ Skln Asssmbly
Thrust Sty:cture

Raster CbeckLng Cage. Aft U_bilical Plate,
Sk_ _1 M_

Ass_ IM.--__re,Web Assembly. Upper Ring,
Fin Position

Aooemb_y Fibre, Web Assembly, Upper Ring,
Hold_dn Position

Assembly Fixture, Panel Assembly, Ao@ess

Upper Ring

Hoisting Tool, Web and Stiffener Assembly.
Upper and Lower Thrust Ring

Assembly Fixture, Web Asmembly, Lower Ring,
Fin Position

Toollr_ Template. Web Assembly. Lower Ring
Fin Position

Assembly F£xt'm"e, Web Assembly Lower Ring,
Flold Down Position

Tool, Hoistlng, RAng Caps, Upper and Lo_r

Assembly Fixture, Outb_ Thrust Support
Assemb_

Hill Fixture, Thrust Poet Assembly, Oatboard
Zn_

Holst£ng Tool, Oat_oard Thrust Post Aeseabl_v
and _ Jig

Locating Drill Jig, Stiffeners Shear Web
Position I and Ill

Per'somxel Pla%fox'm, Assel_:_y Fixture and
Web Assembly, Center Engine Support Position
land II

Assembly Fixture, Web Assembly, Center Engine
Support Pos I and II

u) ca)) (t)eo

I
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4.6.1

_335-18919

_35-1B_

_2-335-1B_0

._v_5-19_o

_r335-19X20

Ar335-i_130

AF335-19140

AF335-19300

AF335-19301

WF335-_2220

wr335-3_.3o

HT2-370-28800

__T Fixtnre, Web Assemb_, Center Engine

_t, Pesltlon ILl and IV

I_at_Wl Drill J_, St_ff_r Shear Web
Poaltlon IX and IV

_b_ rL_=_, _ Web, c_ter Engine
PoeltAen I and lIl

Asa_ 1_urs, _ Web, _n_r En_

_:wt, _itton II and IV

_b_ r_ts_re, Interm_._ _g _s_mb_',
Station 152._

Asseab_ _. Int_rmedlat_ Ring _Ussembly
Station 1B4.0

AI_ F_ort_r_, Interm_%e R_nE Assembl,v,
S_tton 216

Aa_e_b_y Fixture, Int,ermed_te Ring Assembly,

St, t_n Z_8

Fixture As_mb_y, Intercoetal Inte._ed_te Ring

Fixture Assembly Intercostal Intermediate Ring

'Weld Fixture, _.O Diameter and 7.0 Diameter Tubes,

Actuator Support

Weld Fixture, Structure Assembly, Actuator Support,

_r Ring

Hoisting Tool, Inter-Tar_ Ring Segment, Horizontal
Position

a _ m'.No [..,. D}-L_56_, ..>_



ua roll

Air Arr_v_ ! "_°'i_'l_



)
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_.6.2

Tool Number

HTF395-S045

RF302-7000

RF302-?001

WF302-7002

T_W_)02-?O03

WF302-?O0_

T_r302-700_

_'302-700g

WD_J02.?010

AF302-7011

WF_02-?012

RF302-7013

T&IWF302-7014

_rr37o-3o15

AZ300-?OI6

_302-?01?

W&TF302-7018

TWF302-?O19

WFA302-7OZ0

E'nO_ZO-7OZ3

T'RF_02-?023

Heat Treat Fixture - Gore Base

Router Carriage - R. H. Router for Trim Fixture,
Bulkhead, Gore Section

P_ater Carriage - L. H. Ro_ter for Trim Fixture,
Bulkhead Gore

Carriage - Welding - Bulkhe_ Welding Station

Trim & Weld Fixture - Sub Base Bulkhead Gore Section

Bar Back-Up-Gore Apex to Base Section

Trim Fixture-Bulkhead Gore

_olding Fixture - Apex Gore

Weld Fixture - Bulkhead Gore Section Apex %0 Gore to
Base Gore

Turntable - Bulkhead Fabrication

Weld Fixture - Welding Station Bulkhead Fabrication

Router Fixture - Trim Station Bulkhead Skirt

("V" Ring)

Trim & Weld Fixture - Center Piece to Bulkhead

Hoisting Tool (sling) - Bulkhead Gore Section AFT
Trim

Turntable - Assembly Tower Main Weld Station

Holding Fixture - Bulkhead Core Assembly

Weld A Trim Fixture - Outboard Lox Tunnel Fitting

Forward Fuel Tank to Apex Gore

Test Weld Fixture - Gore

Weld Head D_nipulat_r Bulkhead Gore Asaembly

Control System Trim Fixture Skirt Assembly

Trim Fixture - Apex & Base Assembly

us ql_ NN

o o a1_,o I _ D5-12_I



_,6,2 (contlnued)

Too! Sumbe r

wF3oz-Toz6

HF3o2-?OZ8

RF302-7030

W&TF30_-7035

W&T_O_-7O36

_Y_oz-?o97

WF302-7038

WFA302-?O_O

i'._3-::-7)42

i'/_O2-70&3

} "'_-7)4

.'37 _7%_

...._'_i_:7)54• j

......3,,4-,"5_.

':;"3 ii:_'7057

•3 _-705_

' 'x-'3 _2-7059

x_2:_:..'-70 i)

_nclatur_e

Weld Fixture - Welder Boom

Holding Fixture - Bulkhead to Turntable

Router Fixture - Chamfer Edge Gore Base

Weld & Trim Fixture - Out_ Lox Tunnel to Rear

Fuel Tank

Weld & Trim Fixture - Inboard Lox Tunnel to Rear

Fuel Tank

Routing Spindle - Apex Go_

Weld Spindle - Apex Gore

Weld Head Manipulator Long Adapter Bulkhead Gore

Assembly

•:,_t -'i_ ?ix_.,u'e _?or ;;c,__ ..ction

F_.,_. ,i¢, -- ,_re _rl-,. ....'_'0

2crso, ,4 _L-., of _ _- _r__ _ .,eld _e. tcr Pi_.ce to

_'_ _d (red sJ : ,< f'f'302-7047)

_:o'" _c '.:_r - "..... ;.i_._, .:i. i.: _._c _.."' ,"_"rio .ion

?orw_..,,dL_:.,T,u_¢

,,el ?ri •.... :.u - _::I _:_r c;,c -
f_el T:'-,k

Tilti _, ?iatfor.. - ,,cl.,Fi_,t,_e ,,cees.__r[-

50:,.Te'..__ate " ,

:_x T_.:&ate - Core A:_x

I

""" 4-15



_°6.2 (Conti-n_d)

T..6-303-I0005

'  :003-I0005

   t370-i0006

!;2-370-10008

:. 3oo-iooo6

::_-JO0-10006

TA7-309-I0_¢

N_f_nclatu_e

YooLii_L ._ccessc_y for Nimlk Tracer rf. Rin_

mfety ,9_m.rds'if"i__n&

TumzLn4: _h_ture '_" .._in_E_Ang Mill

Hoistiza Tool- _Lt'-,:"f"

Holst_-_ Tool- Uru_h:cd "Y"

Dolly - ;&._lay- "Y" _inc :,;eldJoLnts

ic_.,uter?ixture -"Y" _ttng

_rackmt _eld ?_re "Y" ._

T.;:_03-I0006

:,F3o3-Iooo6

_JTO-2Aooo

T..15-3_f_-lOOO6 Sa_; Ft._,are - "Y" !in&

Test _;el_ _xture _t" _6

Keld _.=J_t<uce"Y" ._%

Holmting Tool - _._kul_ead"Y" _ __Id Assembly

Mechanical f4uIyra_,t - _U F£,_u.re Doll_¢ _-pe
Bulkhead _Y" .In_ T_'_k Lection _eld Asee_rbly

_,_3_-24.100 Wel,_ ?Ixtur_ Acce_sor3- "?_be CarriaL_ _ack - %ore to

"_ore _-_

WFA2-3OO-2AIOO ',,e!_,,_tur_ Acoe_sery - X-,_.y Tube C_ria_e _.pex to
Pase & Gore to .%or_

_F_3-3OO-2_OO Weld Fi.xti_retccesso_,- FIk Carriat_e Track _,,_".to
Gore

,_-300-2/_00 _ei._ _ixt_e /,caessor3j- Motorised _a_ _LLu Carriaj;e

_'_F.,5-300_OO Weld _xture nccessory - iilectrical Control Co_ole -

Gore to C-ore .:-:_

_&6-3OO-2_100 .;ell Plxt,.u'e Lccessor_j - _eotrical Control Console -

_'_7-300-2AIOO ,,'el/. Fixture _cce_s_ry - Fil_: _arrlage Track Gore ,,pox

to }_se X-R_-

WF_-300-2/_OO deld Pixture iccezs_r/ - _abe Carriaje Track Gore

_pex to Base X-I_-

U_ e#.

o BB-NmJ--. m-zz z ->-



4._.2 .(Continued)

,7A9-300-2/_100

Nonenc_tur e

Weld Fixture Accessory - Gore Support C_re Apex
to _ase X--RAy

WF;.lO-300-2./,lO0 x-a_- Tube Support

WF/d.I-300-24100 Access_y &old Fixture Polar Cap to Bulkhead X-_

WFA12,-300_O0 Weld Fixture Accessory -X-Kay Personnel Platform

Polar Cap to Bulkhead

WF2&3-300_O0 X-Ray Tube Shleldia6, Weld Fixture Accessory

',;FAl_300-2/_O0 Weld _ure Accessory Qualification and Storage

Polar Cap to Bulkhead X-Ray

WFA15-_O-2_IO0 >,old Fixtu/_ Accessory Control Console "Y"
to Bulkhead

HTDO_-2AI01

DJ300-2410a

TA3OO-2AIO_

TA2-300-2&I02

TA3-300-22+I02

rmZ30_-2A215

HF30A-2&216

m_OA-2A216

TA)0_-2_216

 oA-2A216

W&T_OL,,-24216

Heat Treat Fixture "Y" Ring

Drill J_ "Y" Ring _,eep Holes

Tooling Accessory- Cutting Tool Holder "Y" Ring

Tooling Accessory - Cutting Tool Holder "Y" Ring

Tooling Accessory - O_eal Locator wy,,Ring

Trim _bcture - Outboard Fuel Suction Fittln_ Rough

Holdln_ Fixture - Weld Head & Mill Head )_mipulator

Inboard & Outb _ard Fuel Suction Fittings Lower Head
Fuel Tank

Mill ,_Ixture - Inboard & Outboard Fuel Suction

Lower !',endPhel Tank

Tooling ._ccessory (Turntable) Inboard & Outboard

Fuel buction Fitting Lower Head Fuel Tank

Trim Fixture - Inboard Fuel Suction Fitting i_ough
Trim _ Head Fuel Tank

Weld & Trim Fixture - Inboard & Outboard Fuel Suction

Fittin6 Lector Head Fuel Tank

Weld & Trim Fixturm - Inboard & Outboard Fuel Suction

Fitting L_er Head _uml Tank

u| ,wotr dmoo

_ ATJ_VLW l"e- D5-1256!
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4.5.2 (C_tinued)

Kr_30&-2_8

T_JOA-a_Aa

T_30_-2A219

DO30&-Z_Z20

MIT3OG-_50

_'322-_705

3322-24733

,_'F-30&-242/.9

TmF-30_-24 2C_

;;&TF-30&-24218

,. ,_&TF-3_9

_,,,tuz'g

Master Ga_e - Inboard FUel Suction Fitting Lower

Head Fuel Tank

Trim _re - Inboard Fuel _tlon Fitt_ _r

Head _'hel Tank

Weld Fixture - Inboard Fuel Suction Fitting Lower

Head I_el Tank

Master C_e - Outboard Fuel Suction Lower Head Fuel
Tank

Triz_ _Ixture - Outboard Fuel Suction Fitting Luw_r

Head _Ael Tank

Drill Jig - Inboard & OutbuLrd Fuel Suctiun _Itting
L_r Head Fuel Tank

Misc. Tool - Io_: Cut Fittl/_g Opm_.n_ Gore Tank

i;elC.Fixate - IAi_ Tu_mel Assembly

Assembly Fixture - _tl Slosh Cantilever Circumferential

Baffle _A_rants - Sub ;msembly

Lub .ss_bly Fi_f_ure - _ Baffle A_ess_ries Sub

_s se_hly

Weld F_x_ure - Out[oard Fuel Su_t. Ftg. Lower Hea_

_el Tank

Trh_ Fixture, Inboard _ O_t_r_, _ S_%, Ft_ Lower

Head, Fuel Tank

Fixture - Weld & TFim - Elbow - Inboard Fuel 5uct.

Ft2. AsS_'., Lwr. Hd._ Fu_I Tank

•_ixture-- @eld _" Trim - '_Ibow - Outboard _ Suet, Ft_

_s_._., _r Head, Fuel Tank

Control System - Trim Fixture Gore Assemb_

_Axture - Skla "T" Cap

I , J _ ___1

I"_



_.6.2

_rr3o_-7o51

RT30_-?O_

A_02-7065

AFA302-?066

_3o_7od7

HT302-?069

HT37_-7073

_T302-7078

_r3?o-70W

_3o2-7o_

KIT-302-7h%

w_rF3o2-7_

AQ302-7_0_

wr_-7511

KIT302-7YI2

Heat TAut Fixture - @are A_ & Outbeard LOX

Tunnel Fitti_ Fuel Tank

Clamp - B_l_head Trim

Weld Head Manipulator - Short Adal_COr Gore Apex te
Weld Bue

Router Fixture - Edge C_mfer L. H. Gore _t

Auxiliary, E_d_hea_ BaR Trla

Aaee_l_v Fixture Accessory, "Y" Ring to Turntable

Weld Fixture - Cylindrioal Skin Tank Section

Hoisting Tool - Slir_g - Gore Fitting Apex

Hoistin_ Tool - Apex Gore _eave Side up (aling)

Filler Blankets - Bulkhead C,_re Al_a_ Gore Aasambly

Vacuu_a Seal Plate - LOX T_I FAtting - Flug

Hoisting Tool - Sli_g f_d _T" Ring Bulkhead

Ho_L.t_ Fixture ° B_Ikhead _ Seeti_

_etaininE Rin_ _e Fittir_ Upper Head -

Weld & Trim Fixture - LOX Tu_mel Fitting & Center Piece

Upper Fuel Taak

Auxiliary @age - for C/D of Weld & Trim Fixture

Auxiliary Oa@e (Dummy Gore Apex) to include T/_'e
LOX of fitting, C_. C_ _o MrF-302-7041 for C_t_a _

Auxiliary Gage -For C/D of attach Holes on _ker Arm

AuxLllary Ga_ - Fo_ C_ Att_oh Holel & Clamp S_

Weld Fixture - B_Ikhead, Tool Hole Cloeure

Retaining _nS, O_tb_u_ LOX Tunnel Fitting Up,mr

Head _I T_mM

I'"+" k-19



_.6.2 (Cent Im:ed)

XiT30 -7513

_4IT30_-7516

MI_02-7517

_,_0_-7_l

_T370-7_

Ck 30 -75A7

 /r302-7550

A :,30 -7560

, arrJo -?563

W&T_OZ-756A

MIT302-7_6_

MI_0_-7566

MIT30_-7_67

_TF302-7569

J&TF302-7580

W&TF302-7581

Plate Vacuum Seal, Opemlng Ln Out_Lrd LOX Tunnel
FittAng

Plate Vacuum Seal - Op_ in F_ Suction Fitting

Plate Vacuum Seal - Opemlag in Fuel Fill and Drain
Fitting

Plate Vacu,m _,eal- Opening in Inboard LOX Tannml

_ _tlnC

Plate Vacuum _ - ODenlng in Fuel Emergan_ FittlaE

Test Weld Fixture -Y-_lin_ L_alkhead tO T-HiD_

Hoistin_ Tool for T_O_-7Ol& C_mpmmemtm

_i%G_t Clamps -Head ,_sm_bly-to-Oy_eal Skin
S_ti_n

Check [_ - ?_r_ F!ttin_ Out Out, Gore i_mx

MAsc. Tool Holdi_q5 YixZure, Lead Be_k-_lp Shield

Asse_l_ _ !"ix_n'_ Accessory, Spaeer ]_d_d te Y-Ring

Weld _.nd Tri:_ Fixture, Fitting _As_ Eleetrieal

Feed t_r_ 5.or_ Base Fuel Tank

_/ela a_d ?ri_ Fixt_e _el Out Off Sensor Lower Head

Miac. Tool /acute: _eal Plate _ectri_al F_ed Fitti_y

_.t_c. Tool _te, _acuuz_ 5eal, Fuel Cut Off _3ensor

Gore Apex ._el Tank

Misc. Tool _facu_: Seal _I_

Heat-Treat i_x_ure, Apex Gore and Fitting-._ing

Weld _._ Tri_ _ure Load Probe _ittln_ Upper Head

Fuel T_k to _i_x C_r_

Weld and Tr_ Fixture Eleet. Feed-Through Fittin_
_semblY Up_r-Head-Fuel-Ta_ Ge_e

m m m,,Nm I'"



4.6.2 (Contl.ued)

   rrm2-75s 

_T302-7600

WF3OO-7608

H/T370-7612

HT370-76_

SG300-7615

TM_OO-7616

MIT300-7617

HT370-7618

r_OO-OOO_

_O_-I0005

CkG_-30_-iOOO_

Ck_3-303-iOOO_

OkrA--303-10005

CT303-I0005

CTS-3Z4-10OO5

MF303-IO005

_T303-iOO05

HT3?O-ZOO05

OTG_O-IO005

0TG2-_O3-10005

PrD3_-IO005

TA3-30_mI0005

Weld & Trim Fixture - Outboard a nd Inboard Panel

Suction F__tting Assembly to Apex Gores

Misc. Tool- Portable Steps for Personnel Attached to
Outside Contour of Bulkhead

Weld _'__x_ure- Skate Skin Tee

Misc. Tool - Sleeve LOX 1%mmel Inst.,

Hoistin_ Tool -LOX Tunnel Shlppln_ F_xture Sling

Setting Ga@e - Measure Length of LOX Tunnel

Trim Fixture - Trim LOX Tunnel to Length md An_le

Misc. Tool Protectives _leeve LOX Tunnel Bellows Instl.

Hoistln C Tool - LOX Tunnel Bellows

Teat _;eld Fixture - Weld Equipment CertiflcatiGn

Check Gage O,D'. - "Y" Ring MaehiniJ_

Set Gage - '"f"Ring Cutter

Set Gage - "Y" Ring Cutter

Set Gage - "Y" Ring Cutter

Contour Template '"f"Pd-n4_

Contour Template "Y" Ring

Mill Pixture "Y" Ring

FI Tape - 33 Foot Change

Handl:Ln_ & Shipping Pixture Y-RAnK (F_mished)

Optical TooI_ Gage - "Y" Ring

Opt_l Toolir_ C_4_, - "T"

Production Dolly - "Y" Ring (F1nlehed) Cleanin6 Dolly

Holder- Cutter B_ts "T" Ring

Profile Template - e,el Tracer "Y" Riag

u_¢Iss

I
,, B ae al_,o I-- D_,_,,_.
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t+.6.3 Interta_k

AF 320-28000

AF 320-28800

AF 320-28820

CT 320-28800

ATDT 320-28803

ATDT 320-288_

DJ 320-2_00

DJ2-320-28800

DJ3-320-2.8800

DJb,-320-28800

DJ 320-28201

_._CKG 320-28202

DJ 320-28202

DJ 320-282O3

DJ 320-28204

_ 320-28100

DJ 320-282L_

MrCKG 320-28202-900

oJ 320-28202-900

DJ 32O-282O4-9OO

_DJ 330-?455

Final Assemb_ Jig Intertank

Assembly J£g '_I. Ring Segment Sub-Ass_b_v

_ms_b_ Jig "H" Ri_ Se_mmt Sub-Assembly

Contour Template-Frsme Ring Segment

App_ Trim and Drill Template-Web Frame Ring

App_ Trim and Drill Templa_b Left Frame Ring

Drill J£g-Chord & Web SplA_ Frame Ring

Drill Jig Chord Splice - Frame Ring

Drill Jig Chord Splice - Frame Ring

Drill Jig-T-Chord and T-Clip - "H" Ring

Segment Assembly

Fixture Assembly - Skin Panel- Intertank

Gage-F_ster-_eck "Y" Ring-lnner Fitting
Intertank

Drill Jig-Fitting Inner-Intertank

_age-Faster-Cheak _Y" Ring-Outer Fitting
Intertank Assemb_v

Drill Jig - Fitting Outer-Intertank

Drill Jig - Fitting Inner-Iutertank

Drill Jig - Fitting Outer-lntertank

Mill Fixture Umbilical Attach Panel Assembly
Intertank

Drill J£g-Skln C_tout-Intertank

Gage-Master-Check "Y" Ring-Outer Fitting

Intertank Asse_.

Drill Jig Spllce-Fitting Outer-lntertank

Drill Jig Splice-Fitting Omter-lntertank

_ster Dr_ll J_

3 _n 4Q@Q

0 0 &r#_o



4.6,3 (Continued)

I_IT32o-z80oo

ATDT 32O-281O3

ATDT 320-28241

DJ 320-28000

ADJ-2-320-28160

ADJ 320-28220

ADj2-,320-28220

ADJ 320-28260

ADJ-2-320-,?.8260

ADJ 320-281.56

ADJ 320-28157

ADJ 320-281.50

ADJ 2-320-281.50

A/)J 320-28100-901

ADJ 320-28100-902

DJ-4-320-28800

CKT 320-28221

C£r 320-2_162

CKT 320-28143

F_T-2-320-28000

DJ3-320_80_

MIT-320-28205

YlT- 320-28261

Locating Tool - Frame Ring Stlffener

Drill Template -,Access Door

Apply Trim & Drill Template - Electrical C_ncuit

Drill Jig-Hanger Hoisting Tool-lntertank Assembly

Assemble and Drill - Fuel Vent Doubler

Assemble and Drill-Line Pr_mur_sation-
Doubler-lnner

Assemble ar_ Drill-Line Pressurization-Doubler

Assemble and Drill-Line Pressurization-Test_

D_abler-lnner

Assemble and Drill-Line Pressurization Test-

Doubler

Assemble and _rIII-LGX Frame-Assemb_7-Outer

Assemble and Drill-LO_ Frame Assembly-lnner

Assemble and Drill-LGX-Inner

Assemble and Drill-L_X-Outer

Access Door.Assemble & Drill-Doubler Outer

Access Door-Assemble and Drill-Doubler

Drill Jig-Frame Ring Chords-Pilot Holes

Cheek Te_late-Fuel Pressurlzation-Flight

Check Te_te-Fuel Pressurizatlon-Test

Check Template - _GX Opening

Locate Stlffeners-Frame Ring

Drill Jig-TUnnel Attach-lntertank

Eiscellaneous Tool-Panel Trim

Miscellaneous Tool-Fuel Vent Opening

., _ O _jN_ I.o. D5-12561

r"' 4.23 "



_.6.3

_T 320-28221

F_Iscellaneous Tool-_el PTessurlzatlon

Opening Test

_Liscel_ Tool-Fuel Press_rlzation

_g nAght

._ 4211 4@0@
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A.6._

_-370-.7080

wa'rr-312-7o_

wa_-31_-7o85

Wa_F-31A-7_

MIT-30_-75OI

A_-30_-7503

AO-302-75OA

AG-302-7505

AC-_O2-7506

aF-_O_-70_7

"_-30_-7038

WA-_-7OAO

TWI'-30_?O_

PP-302-?04_

PP2-30_-7047

_r-37o-7o53

_-_o2-7o6o

TA-JO2-70_2

HoistL_ Tool - Sling Finished m/. Ring Bulkhead

Weld & Trim Mxture - LO_ Vent Fltti_ Upper HI) I_

Tank

_id & Trim M_xture - LO_ Lin_ Upper Head _ Tank

Weld a Trim _ - LOX Tunnel FTG. & _m_r P_eo_

_ld & _ _xtere-_r_y Drain, Gore S_-t

Pl_e Vacmma fi_al-Openin_ Manhole FT_, Upper Apex
Gore Fuel Tank

A_.:LIAaz7 GeLe-f,z," C/D or Weld & Trim Z_xt,a_e

Auxiliary Ga_e (1)um._ Gore Apex) to incl_de T/_',

Auxiliar7 Ga_ -£or C/D o£ Attach Hole, on RooMer

Xuxili_ Gage - for O/D At_aeh Hole, & CI_ SIx_der_

Routing Si_ndle-^_ex Core

Weld Sl_Lndle- Apex Gore

Weld Head Manipulator Lce_ Adapter Gore A,_.

Test Weld I_ - For Gore SeetAon

Personnel Platfor_ - Gore Trim l__xture

Personnel Platfor_-Trim & Weld Center Piece to

Bulkhead (Redesign o£ PP-_)_-70_?)

Shop _oessor_-StatAon Welding Bulkhead Fabricatic_

Ho±,U_ Tooz (SLt_) _ Gore (_e¢o_, r_Aa)

Oentr7 - _ a Weld l_ttln_ to Gore Apex

T_I%A_ Platform -Weld F_x___ Aoces_

_ex Template - Gore Apex

B_X Tm_nlate - Gore Ape0_

_l_ad T_Aa

Jw. o



_,6,&, (ContLaued)

.?-3o -7o63

_-395--50_5

R.Z-302-?_X)

:-_F-3O_7001

Wn'.-302-?006

H_'-30_-?009

_,-3o_--?010

R,Z-3O,_Tm.._3

HT-37@,,_15

HF..,30_?01?

r_-3o_..?o19

HF-302-7029

_-302-7030

wae_z-314,.?o32

m_r-3oda-?O?e

;_ld_ad _ter-_mmt Adapter G_ Apmx to

Ba_ Wild

Heat-Tr_Kt PLchu_- C_¢e

P_mt_r Carr£a_ - a. H. Router fmr Teem lmjZ_r,

_t_r Carriag, - L. R. _ f_r _ Plxtum

THJn & W_ld Fixtur_ - _ _ _ C_r, St_ti_ •

E_ _.x_uz., - A_ Go.,.,

:l_Id Fixt_ - 9.1__kheadGore _. Apax Ge_e to Barn

Gor_

•_tatble- _al_ead _brioa_i_

_Ix_ur_ - W_I_ S_a_Le_ B.llm_u_ i_brioa_ko_

_oXa_g, Tce_ (s_-_Z) - _ad Ga,_ S,etlm Art. T_am

Tu_n*_ble - As_ Tow_-_ _ _t_%_

_eld Head Manipul_er _e_ C_re A_s_,

Control _ T___ _ Skirt

Trim FL_ure - Apex & _ A_,.

Weld Plxlaare -_

R_t_ Pajclbu_ - Chambe¢ @o_e

Wold & Trim Fl___a._ - LOX Outlet in Rear LOX Tank

_t_ - Bul_ead C_re Ap,x, _or, _y.

@-



ul ml 41_

_..6.A (_.Lt.u.d)

A_-30_65

Wr-_6-?06T

MT-30_-_e

HT_?_9

ET-_0_-I_r_S

X_-Y?O-7079

_T-YtO-70S0

W_TF-_n2-_S4

__516

B,,n,ao_m 6,,
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U| 4mi!

_ ,4 %.....£. :-'-i;

",. -)?:--7_7

:,I:-3o2-75_7

.,:'3 3¢_-7'+,_3

'+,,?-3 j3-)+_Oll

..-3._3-1X'05

:k 4-303-10005

Ck.3-303-10005

_It' , :h.. 4-3.3-10O05

_-303-!ooo_

0_5-3_-10005

_:'-3 D-10005

T%_-3 )3-1'3005

:!:-373-19J05

_"c-303-10OO 5

-. 2-3 D3-L _;O5

?T"3-370-IL_305

T,.3-303-I0005

n-331-i0005

?..6-303-I0005

T.,9-330-le305

_-303-i005

'7o!.4,ol_i!_u+-¢

dl;eck ,<[g-*,ore,:._tL_, _ttout, Core ._x

false. 7ool_icldL_...L_xtur©, Load ack-<Tp S[_eld

,ssc,:ilS _L_u_'e ,cc_:,_'o=v, _++_cer [":_ltd.cad to
"Y" :,inE

.,--"_,_c. 7ool _'acu_2"; Le.?.l"ir"._

!eat :_eat ?_i_t_-e, .pex Gore _;.. :'ltt_j ,,L_ln_

:_ioc.Tool-PortaLlu Ste[_ for Pers_:z.el
.tt_c_md to dutside Contour of !_:ead

,el. :'i_.i+rc +:ate L'ki:'Tee

Test _,___ i_.._Are-.:u_ _q_i: c t CcrtiA±ca_i_

C;._c,, ..ae _.D. - "Y" ftin_ iz.ci,_irq;

.or ....._- ': ..'; + _tter

et "a_e - "'Y- +_i _t+ Cutter

Set _.,_,_e'_" .&_ Cuzter

.e_...:l,.._,-''" :¢ingConto_:_""+ " ++' "

_ont_+_ _.,)l,.te "*'" _j

12[i? ixtu/-e "Y:'_i_

:I +a._ -33 ?oot C.u.se

:.a+_LIi_ : :,i,i: ++i_+_,:_H_xtv=++_ "_'"+ .=_"+,_( Pi"_,_ ,ed)

Optic al Teoli_.,+ ";P+..e - '_" +fun.++

Oi%ical "*oolik_, (;aLe - "':+"&;_

_ "f_oductio;. Dol.Iu - ,,r,,_,_ (fir/shed) _i a:_: ....

Oollj

Eolder - Cutter T_ts "Y" _ir,_

T.h,, ,'_ lf_ :_ ..... ,++,. o.llu Te_:pl_.teI+d. _k Tracer -

,+': _ lily |1 ._I ,._'ooli <. :+ceesso< for b_+Ak ?racer -

,-_et+ + )u&rds "Y" ._r_

Tua-ni_L _i_%u.-_ - "Y" +d_k. o+_.>+_, Kill



(Contin.ed)

HT-370-1OOO6

HT_3?O-IOO06

ME-3OO-IOO06

_-300-IO06

TA7-303-I0006

TAI0-300-10OO6

TWF-30_-IO006

_-_3-i0006

HT-370-_O00

W_A_-3OO-SAIOO

WPA3-3OO-2_IOO

_A6.3OO-_OO

Hoisting Tool - Sling "Y" Ring SeEmmt

Holatin_ Tool - _chined "Y" Ring

Dc_I___7X-Ray - _Y" Ring Weld Joints

Router Flx_ure "Y"

_a_ket Weld Fixture .yw _hng

Saw Fixture - "Z" _g

Test Weld Fixture "Y"

Weld Fixture "Y" Ring

Hoistir_ Tool - Bulkhead "T" Rin_ _'JeldAsemably

Mechanical Equipment - Turning l_x_uz_ Dolly Type

_u_k_m_ "Y" King Tank C_et_ Weld Aexmbl¥

,WLId Fixture Accessory Tube Ga_-zlage Track- Gore to
Oere X-Ray

Weld _Axttu_e Accessory - X-Ray Tube Carriage A_xte
Baae&_ to Ooze

Held Fixture Acceseary - Film C_rria_e Track Gore to
_re

Figure Accessory-_t_ri_ed X-Ray Film Carriage

Weld Fixture Aoceascry .,, Electric Control Console

C_ze-t_-C_re X-_

Weld Fixture Aecesaory - _l_ctrical Control Coceole

Goz_ Ap,x Base X-Ray

Weld Fixture Accessary_- Tube Carriage _rack C._re Apex

to _e X-_

Weld Fixture Acceeeory-Oore S_pport _ore Apex to Base

X-ray Tube Support

A_e_K_r.y _l_ _ Polar _,p to Bu.lkhemd

• T . . , • iii



(Con tinued)

Tool

_A12-300-2_I00

WF_SS-3OO-2AIO0

}:TF-30_-2/_OI

DJ-300-2_02

TA-300-2_02

T _-300-2/_02

T43-3DO-2AI02

_ T-304-2A250

T_F-300-764A

AF-31S-IA U

AF-318-12&28

._F-318-12J+14

No_enclatuFe

_eld Fixture Accessory _-_ay Personnel _tform
Polar C_p to _ulkhead

X-_%ay ?abe JhieldL_g, Jeld ?ixLure _ccessory

Weld ?ix_re Access_ _ Qualification and Storage

Polar C_p to ik21k.head._-_°

._e/_[FixUm_e _cce_sory Control Console "/" ?_In:._
to L_alkhead

Heat Treat Fixsure - "Y" .ling

Drill Ji_ "Y" _d_nC Leep Holes

Toolln_...ccesuo_" - Cutters Tool _ioldr, _" ._

Tooli_ _ccessor_ _ - Cutti;__ Tool Holdr "f" _dm6

Tool_n_ _cces_my - CT_tic::lLocator "Y" il_ng

Misc, Tool - _ou4j_ Cut Fittin6 cpen/_ Core Tank

Trim. Fixture - Ski__ T Cap

Assembl_ Fixture - Cruciform _fle .._uadrant

Asser_ly _i_xturc - P_ins _affle Quadrant

_sse_ly _'_lxture- Ca_tilevered iln6 [_affle

d_adrm,t

..>..



_,6.5 F_ l"ll _rt Aoseuahl'v

AP _25-I_20

&r _25-I"000

AP _25-15200

W_ 425-I_5

Assmbly _xturo

Assembly F_xturs

Assembly F_xturo

Assenbly l_xturo

ass_y _lx+. urs

Weld Fixture

o o a,n_ o l-o. D_.U_61
............ l"',_*,,.......... 4-,_.



,_.6.6 Fin _ F,m!.rin_

AI-3&5-161OI-901

AF-3&5-161OI-90a

AF-3&5-161OI-903

AF-3&5-16102

AF-3_5-16110

AF-3&5-16135

AF-3A5-1615O

AF-3_5-16190

AF-3&5-16198

AF-345-16201

AF-345-165(D

AF2-349-16500

AY_345-16500

AF&-345-16500

TT-3&5-16150

_lature

FixtureAssmbly JoiningPo-
sitionEr_ne Fairing.

_ure As_IT _r F_
Sub-Ass_ Station /+8.5 to 115.5.

Fixture As_ Center FaLling
Sub-Assembly Station 115.5 to 2.16.

Fixture Assembl_ Frame Assemblies

Station &8.5, 83.5 and 100.25.

Fixture Asssmbl_ t_per Fairing

Assembl_.

Fixture Assembly Frame Assembly

Station 66.75.

Fixture Ass_ly Frame Assembly
Station ZI6.& _r.

Fixture Assembly Frmm As,_
Station 115.5.

Fixture Assembly Frame Assemblies
Station 152.&5 and 183.89.

Fixture Ass_ _ Assembly
Station216._ Lower.

Fixture Ass_ F--,_meAssemblies
Station 247.8 _ 279.8.

FixtureAsssmbl_Air Scoop Assembly.

I! }_ II II 11

fl t! I! f! .

I! II tl It It

T_e-Too_ E_ Fairing
StationiI_.5.

U3 4t_
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L_.6.6 F_a and Fairing (continued) .

_-_-3oIoo

A_-_5-)o2oo

AF-3_5-30203

AF-3_5-30204

AF-3_5-_0203

AF-345-302_

AF-3_5-303OZ

AF-3_5-30302

AF-3_5-30303

AF-3_5-30304

_r_3_5-Z6ogo

_5-161o2

Fixture Assembly Fin Final Assembly.

Fixture As_ly Fin Spar Assembly.

Fixture Asseably Trailin_ E_ge
Sea Asse_.

Fixture Assembly Rib Assembly Aft.

Stat£_ 47.400.

Fixture Assmb_v Rib Assub_ Aft.
_tatlon 57.609.

Fixture Assembly Rib Asse_bl_ Aft.

Station 67.819.

Fixture Ass_ly Rib Assembly A/t,
Station 97.191.

Fixture
Station

Fixture Assembly Rib Assembly
Forward Station A_7._)0.

Fixture

Station

Fixture

Station

Fixture

I/aster _ge Fairing Attach,
Structure Points.

Master C_ge Fairing.

_ster Oage Fairing.

_ast_r _ge Fairing and Fin.

F_ster Setting C_ge Fairing.

Master Setting C_ge Fairing & Fin.

Assembly IRb _sembly Forward

_s_b1_ LttbAssembly Forward
57.6o9.

Ass_ Rib Assembly Forward
67._.

Assembly Closure Rib Assembly.

T_rust

m _ EI_B [-,,,s__

1 _-_
-y-



4.6.7

Inf_tlon not ava_labls.

B EJ_w R [",DS-_X .... ->..



_.6.8 EaSe ]_dld_p

G-_o 5o

o.J_ 52

9014100

Rotatings_. mn_ne.(G_)

Airborne l_raler Sling (O_)

Thrust 6_.amber, Vertical _udler (GR)

R and ]3 HorCsontal Randler, _.¢Lne (0_)

I
_ 8"/AII'&p I,_.

" ' ' III'AOI

, o_.lz._J__ _>_
_-35

u| 4L1_1!



4._.9 Ver i 

Tool _be_

_,,.)25-7291

DJ-325-7293

_-325-7352

_T-330..73_

I_T-3)O...?b, b2

I_l_T-3JO,,-Tb,l_

MIT-330-7_h7

MIT-330-7h61

MIT-330-Th62

DJ-330-Th66

DJ-330-.7_68

Da-330-,Th69

ALr-335-n06

TWra-370-Z6OSO

Drill Jig- Outside Iatert_ Bracket

Drill JiB - lasiae IntertanM Bracket

Drill Jig - Feri_.x_ Skirt to Tank

Miscel_ tool - radial allpmeat
F_ Skirt to Oxtdiur Taak

Tool Riscel_o-_s- radial _t
Fuel Tank to Thrust Street.re

Drill Jig - Thrust Structure to Fuel Tank

Vortical Positloae_ - In_ert_ to Tank

Tool mlsoellanee_ - poelt_oner_ Fer_rd
Skirt to Oxidiser Tank

Kiscsllaneous tool - m_nsion wronch,
F_el Tank to T_-aet Staweture

Ntscellaneo_ tool - radial aligmaent
Interta_ to

Tool-mi_cellaaeeu, guide. Thrust to
Tank

- mlseellaneous, guide _uter_nk toTool

Tank

Jig- drill Forwar_ Skirt to Upper .ym

Ring of Oxidiser Tank - _pllce

Jig- drill Fommrd Skirt to Upper _f" Ring
of Oxidiser Tank - U_billcal

Jig- drill Forward Skirt Skin Hat S_Lffenex_
Structure Assembly - left side

Jig-4rill, Fer_ Skirt Skin Hat Stiffeners
Structure Assemb_ - right side

Fixture Ali_sae_ CTliader Panel Auembl7

doZ 

Tra._portation tzailar

ul 4IlIi I

I



4,A.9 (8ontinued)

ME-370-7353

HT-370-7Oh9

HT-370-7111

RtD-370-2hO00

Low boy dol_V

Handling tool

Handling sling

Hoisting tool

B Am' 4WJ,_'_

ul ass



4.6.10

HT t_?O..SO04

l_ _?O-SO09

Ho_tlng Tool LOI Suetlon Line

Counter Balanoe Beam _krust
Struotur_

Pereorm_ Platform _l and LOX

Tank Interior Horizontal

0 dF dr#h'O _ D_.12561



_..6.11 ff_dllng F_uipMnt

Tool Number N__t_e

P_-302-70_7

HF-370-24250

MIT-370-7592

H?-370-7618

PR_370-7537
HT-370-19110

SA-370-7098

T.TR- O-70 
HT-370-18703

MIT-370-181OO

STR-370-18100

STR-370-18901

HT-370-18800

HT-370-7118

Xede,,.'L_ of rP-302,,,.?_7
Gore Apex Storage Pack

Gore Base Storage Rack

_T2-370-28OOO

HT-370-l_hOO

PP-370-1LOO0

HT-370-1_0OO

HT2-370-14000

NIT-370-_OO

HT-370-28050
PP-370-28000
ME-370-20OOO
HT-370-280OO

HT-370-28205
HT2-370,-28800
PP-37o--28o5o
H¢3-37o-.28OOO

PRD-370-7537

HT-_O8-8016

MIT-_70-_020

hT-370-16000

rr-Fm-l(_x_o
PP2-370-16000

PP3-370-16000

P_-370-16000

P?h-370-16000

Misc. Tool - Pro+_tive Cover, Upper Bulkhead

Hoisting Tool - Bellows Assy. LO](
Production Dolly -LOg[Tunnel AuemM1_

Interaediate Ring Sopent8
C-Frane _O Ton Trawl Lift

Thrust Structure CoapononCs

Upper and Lo_r Thrust Ring Web Asmably
Skin Panel

Cylindrical Skin Panel
Web Asamnbl,7 Center En_ne Support
Thrust Post Assembly Fixture

Hoisting Tool - Intermediate Ring Segment-

Thrust Structure, Major Assembly Jig
Forward Skirt Assembly also one-half Inter-

tank Assembly
Forward Skirt Skin Se_ent
Forward Skirt Assembly Fixture

Hoisting Tool -Forward Skirt
Hoisting Tool - Forward Skirt - DumRy Y-Ring
Forward Skirt Skin Panel

Skin Assemblies

Intertank Assembly Fixture
Half Intertank Assembly
Intertank Asse_ly
Intertank Skin Panel

Intertank Ring Se_nt
In_ertamk Sub-Panel Assembly Fixture

Handle - STR-370-7295
_-37o-7353
STa-370-189OI

LOX Tunnel AsNably
Install LOI Suction Line

Pro_etive Cover for F-I Engine in

horisonLal positi_
Fairing Bulkhead Frame Assemblies

Center Fairing Assmably Fixture
Upper Fairing Xuembly Fixture
Lower and Center Fairing Assembly Fixture-

Internal

Lower and Center Fairing Auenbly Flrbure-

External

Fin AsMmbly Fixture

ul _11 eOOO
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.6.11 (ContOur)

PP6-370-16000
MIT-3?O-leQOO
_UT2-_O-16000
mT3 -37O-16OOO
PP-370-16110

Lo_w Fad.-lug Sub-A_a_bl¥ Fixture

Falri_ _ly - Liftlnc Lup

Fin _b_r - LL'_.C Lup

iii I r, _,r[ , _., ,,, , , ,i,,, .... ->-



5.0

j.l

5.1,I

5.1.2

5.1.3

5.1.4

5.1.5

5.1.6

5.1.7

:5.1.8

5.1.9

O CRL IO :BY  fPm

Aas_mbly Drill _ix+.ur_e

A holding device used to loc_te a_ clamp _ in proper pos-

ition for performing drilling operation.

A drill guiding device that pr_vldes for locating and fastening

parts of an assembly in proper position.

app::kv _*'LU_T_,I,_

A template shaped to the inside (er outalde) mold line of the part

that provides hole locatier_ for transfer prlck-punchlng in preT
paratlon for dri_g.

A holding device used to locate and clamp parts in proper position

for performing assembly operation.

Assembly Flxt_ Accessory

Removable parts Of a fixture such as production part locators

used in duplicate fixture or in succeeding operation fixtures, for
the pSrpose of duplicating the location er part in each fixture.

A tool used to position several @ages of separate sections of the

sam_ gage with respect to one ano_er.

A fixture used to align detail parts on assembl_.

Any plate used to connect umnatched or unrelated parts during

buildup operation.

 aRmNA/_ A

A tool used for assembling or dlamlumbllng par%s.

Ull,Ik_eii

0 0 LIN 0 l"°- D5-12561
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) _.i.lO

5.I.!I

5.1.13

5.!.13.1

5.1.13.2

5.1.13.3

5._.14

5.1.15

Same as "ADT" with outeF edge shaped to desired shape of part

for the purpose of trimmin_ part over which the template fits.

App_ L_ T_late

Same as "ADT" without holes

A bar used on a lathe or similar machine, supporting one or

more tools for an internal machining operation.

A plate in which a hole is cut to the outline of a part and a

punch the size of the blan, which cuts material by shearing
action. (Type shall be specified on the tool order).

Water die made of "klrksite" and with a steel punch, for small

ru_m of aluminum alloy .102 a maximum thickness. Used in sub-
press or die-set to which die is fastened. Punch and die are

fastened to their respective backing plates which are located on

the die set with short pins. Blank is ejected by rubber or cork
stripper.

Custom die with positive or sprin_-stripped. Especially designed
for a specific part. Used for long runs and/or heavy sheet stock.

Lnterchangeabl_ die consisting of a punch fastened to a backing
plate, _ich in t,Arn is used in a die set. Backing plate has a

hole large enough for blank or slug to fall through.

A tool used to prepare the surface of two metals for joining.

A two stage die combining the functions of a blanking die and a
form die.

FA'"5-2L
->-



5.1.16

5.1.17

5.1.18

5.1.19

5.1.20

5.1.21

5.1.22

5.z.23

5.1.24

A die which contains a recess for a bulge to be formed in

cylindrical parts; a rubber insert placed within the part is
compressed by a punch to form the bulge.

A block over which metal tubes are bent or formed to a radius,

excluding compound bends, in a tube bender.

A cutting tool consisting of a bar having a series of stepped

cutting edges, consecutively increasing in size, pushed or pulled

through or along the material to produce regular or irregular

shapes.

A punch used to bend or form flat metal parts to required shapes
on a press brake, and is not necessari_ the same shape as the

formed part.

Brake Die

A punch and die combination used to bend or form flat metal parts,

to required shapes on a press brake, be punch or die section is

not necessarily the smae shape as the formed part.

_rr_h:Ln_ TooA

A tool used to smooth a surface by compressing the outer layer of
metal.

Box Temlate

A template used to check parts, dies. Ji_s, and patterns especial-

ly those involving compound curves or angles. A box template is

made up of a group of contoured templates so Joined that each re-
presents a plane of the tool or part to be checked.

B_ Block

A block used to hold a prebent tube for compound bending operations
in a tube bender.

Check _10_

Similar to "HFB", used prlmari_ for che&ing of formed parts.

_) 4,2tl 4000
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f 5.1.25

5._.zo

5.1.27

5.1,29

5.1.30

5.1.31

5.1.32

5.1.34

_____,bi.na__tignDie

AE__ die combin_.n_ two or moreoperatlons, such as piercing and

blanking, blanking and forming, etc. Die may be either progres-
sive or compound. Construction similar to blank die or form die.

:_e c_ Fixt_

A holding device designed fur locating and fastening a _*h_rm-

facturin_ part or parts in proper position for checking.

A dual purpose die for cutting one or more ends of a part's outline,

and then forming the part, all with one stroke of a press.

The physical medium of control to check the dimensions or contours

of production parts.

Any simple tool used to locate parts or production holes in a part

by an easy attachment medium (C-clamps, etc.).

_e_ Termite

A flat piece of material used to check the shape of a part after

formln_.

_!nA,x_ Die

A die used in cold squeezing in which the metal must flow under "

pressure to fill die.

._orr _e

A die designed for shearing extrusions and/or formed angles or
channels.

Cy.t-O_f _ Pierce D_te

S_.m as "COD", but also pierces one or more holes or slots.

Contour _lls

A set of rolls used to form a contour in a drawn or extruded

sectlon.

U) 4211 400Q
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 .i.35

A tezplate made to the contour of part, die, form block, etc,,

for application in a specific plane,

5.1.36

A nesting device for a part and a drill plate.

5.i. 37 L_v_lopm_n$ K_;_,c Template

A template developed from a form die to be used in cutting blank

part in the flat and providing tooling holes so that formed size

will be corrDct or slightly oversize for subsequent trimming.

A die made by _bedding _printers tape" in a block, the tape being
formed to the desired oontmur. Used to cut soft material such as

cloth, rubber, and felt backed by a wooden block, pressure being
applied either it. hydropress or by hand with a hammer.

5.1.39 Dry411 Fixture

A holdin_ device for locating and clamping a part or parts in
proper position for drilling and/or in combination with oths_

locating and drilling tools.

5.I.40 Drop _maer D_e

A die made to the contour of a part. Part is formed by dropping
punch into die. Used for deep drawn parts where shrlnging and/or
stretching of the material is required.

A jig in _hich a part is located and clamped while a drilling and/

or reaming operation is performed. The tool is provided with

hardened bushings (guides) for locating desired holes and got
guiding the drills or reamers.

5.1.42 Deve!oomeDt Layout Drl// Template

U3 _11 4000

A full scale flat template that shown bendlngs, hole locations (with

¼ diameter standard template holes), slot locations, outside contour

of part in the flat, and all pertinent information as to directions,

degrees, and lengths of bends and joggles and with finish sizes of
holes (above drill size) and slots scribed about locations. Holes

are alphabetically coded as to drill size and/or numerically des-

ignated as to finish size at scrive line. This template shall be

used to prick-punch hole location, and for setting up punch-press
guides by inserting a diameter pilot in punch, "DDLDT" shall be
used as a reference tool for all other related tooling for same part.

m1 o I o. DS..I2NI
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5.1.:_5

_.1.:;5

5.i._7

J

5.1.50

Develo_ment Layout Template

A pattern of production part, giving information to define the

?art, except holes, which are not shown.

A die which forms _onical impressions in sheet metal to receive count-
ersir_, screw heads.

Dr_ Plate

A piece of material provided with bushinis or adapter size holes,

used for drillin& and/or reaming a hole or pattern of holes in a

part. Tool is indexed to the part by zea.us of pins or by using

edge (s) of the plate for allgnment.

Dr%ll Spacer Block

& block spacing adjacent leg of a part and/or assambly having

_ides for drillLug. The pre-drilled holes in one leg are used to
locate the block for line drilling the other leg.

_raw Die

A die in which the Fanch is to the desired inside shape of a part

and the die section is to outside shape with proper cl_-_rance. The

_eterial is held by pressure pads and the punch draws or stretches
thc _aterial into the die.

A punch and a die _&ich forcible extrudes material through an

aperature between the die and the punch by applying pressure aga_st
a zass of material with the punch. Used for making impact ex-
tras io_.

A Fa_-el (fo_ forming reinforced plastic parts) _rade from a

vmter_l (usually a metal) which will expand when heated during

curing cycle and thus apply pressure to the laminate.

Fo_ _o_

A block of required shape used to form sheet metal _n a power

press.

0 0 4_#N'O I-o. D5-12561



5.1.51 Form._lock Template

A flat tooling template showing bend lines, contour and tooling

holes. Used in making hand form blocks and hydro-blocks.

5.1.52

A tool consisting of a punch and die that imparts a desired
shape to a part. Template for blank part is developed in the
flat from the die.

5.1.53

5.1._

_ttenin_

A flat surfaced anvil and punch used to flatten metal parts in

a power press.

Fo_ _mndrel

A mandrel used to support a part during swage, bned, form stretch,

and wipe operations.

5.1.55

A rotating fluted edge finishing tool used for enlarging and fin-

ishlng holes to accurate dL_ensions.

5.1.56

A punch and die used for producing a forging frema billet on
a bar.

5.1.57

A template developed to layout a production part prior to

forming.

A set of rolls which progressively form the desired cross
section shape of a part. The development or number of rolls depends

upon the complexity of the shape to be formed. _de bars,

mandrels, and special spacers will be ordered from sketch

will be asslgned same tool number and symbol as the set of rolls.

ul 4a11
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5.1.58

All rolls of the same set will have the same tool number.

5.1.59

die in which a part is clamped and flared by means of the

action of a punch or roller.

5.1. o

5.1.61

5.1.62

Hydro.Blo 

A block shaped to desired part that will be formed or cut by

rubber being pressed against the part, cuasir_ it to bend, form

and/or cut against the block. Part may be nested or located on

pins.

A holding device, narmally a unit having integral clamps, designated

for locating and fastening work in proper position for operations

that are controlled by a soparat_ romans.

Hand Form Block

A block shaped to the inside or outside mold llne of a desired

part which is to be f_mmmd by hand. Part should be nested, clamped.

or placed over locating pins.

5.1.63 Holdin _ Ji_

A tool-gulding device that provided for locating and fastening work

in proper position.

5.1.6 Heat Treat Fixtu.1_e

A fixture in which parts are held during heat treating, normal-

izing, quanching, or stralghtenin_, and in which a part may be
checked after heat treating or straightening operation.

5.1.65

A tool used with a ca-aneor ether lifting unit for handling

assemblies or parts during manufacturing.

U3 4211 40QO
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_.I.66

5.1.67

5.1.68

5.1.69

5.1.70

5.1.71

5.1.72

5.1.73

$

5.1.74

5.1.75

I_s_ip_. Fixture

A fixture which holds parts or assemblies in correct position for

checking such items as the contour, attaching points, hole sizes,

locations, etc., and used by the Inspection Department.

Inspection Ga_e

The physical medium of control to isnpect such items as dimensions,
contours, angles, hole locations, etc., of parts and assemblies,

and used by the Inspection Department.

!m_ssion Die

A die for stamping lines, knurls, or designs in metal or plastics.

Jop_le Block

A pair of blocks used to form an off-set in parts particularly
those blocks used in hand forming or in machine forming in cases

not requirin8 a die.

Joule

A punch and die used to offset a relatively small selection of a

part so that it will overlap an adjoining member.

A block of copper, cast iron, or other material suitable for
surface charging with an abrasive substance for a lapping

operation.

Locatin_ Drill Jiz

A device _ployed for locating and drilling a part or parts in

the proper location.

Lg_ati_f, Drill Pl@t9

Same as "LDT". except _th bushings in plate.

A template which is used to locate a hole or holes and/or parts,
particularly in assemb_v on installation.

T late

A template to locate detail parts on assembly.

U3 4211 40OO
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_,.1.77

1.79

_.I._0

5.1,81

_.I.92

5.1.83

5.1.P_

5.1.85

5.1.86

;,.-_sterCheck Gaze

,_ _age from which other gages or tools are made. It is used as a

control for other gages cr tools by Tool _nufacturlng Departments

A _eol used for the purpose of transferring or locating the hole

pattern of a drill Jig.

_a_ter Drill Plate

A single plane replica of the portion of a production part requiring

precise coordination of holes. Us=d for the construction and checking

of working tools only and shall not be duplicated.

Har_lin_ eq_ipmsnt, dollies, racks, stands, etc.

i._ster F _o._r,

A plaster or wood form made full size of an asse:;_bly. Used to control

tooling fo_s or production mockup.

t,:lllFixtur9

A holding device used to locate and clamp work in proper relation

to milling cutter, Specify machine,

_mster Gaze

In principle, a dummy of a production part used for constructing and

checki_g of work tools, and may be duplicated as required.

L_cellan_ous Tool

Any tool other than a star_ard tool or machine accessory that does

not apply solely to a specific part of _sse_bx$''.

;;_tal .Pattern

A _aetal form used to make a mold for casting parts.

A production template made form a _aster Templat.

I:_ster Template

An exact d_pllcate of a sectional profile providing an edge contour

identical %o lofted profile showing all loft lines of that section.

D5-12561
9-



5.1._7 _-_ster Settin_ C_ze

In principle, a dummy of a production part used for the constractlon

and checking of gages only and shall not be duplicated.

5.i.88 P te

A plate in which a pattern of holes is accurately controlled. Used by

Tool _nufacturln_ Departments only for control of other tools, lo_y
include other information such as mold line, perimeter of part, location

of cut_ts, reference lines, etc.

5.1.89 [._skln_ Template

A template employed for masking and/or marking a specific area.

5.1,90 :CSbol,inz Template

Is used as a _ide for trimming parts in a nibbling machine.

or cylindrical as for trimming of tubes.

,_my be flat

5.1.91 _tlcal Allotment Fixture

A fixture or instrument used to ensure precision alignment _ry the use of

optics.

5.1.92 Optical Target

A tool used to locate a point by use of optics.

5.1.93 Pierce and B]m._k Di,e

A die with matching punch or punches that combines the function of a

pierce die and a blanking die.

Posit!onin K and HoldlnK F_ture

A fixture to position and hold parts for operation in which this is a

requirement.

Pierce ,Die

A die used for piercin@ a hole or a pattern of holes in a part. Used

in high production or when hole patterns must be accurately located in

a series of parts.

_.I.96 _uter Dril! ,Temp_t. e

A template used as a guide for dri_llng pilot holes with the router drill.

It is often combined with a router tamplate or block.

5.1.97

U| 4;111

Routine Fixture

A f_ture which holds parts in a correct position for routine operations.

_ _RAM ,AW !-o. D}-12561 __ ___
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5,1._?

5, I, i00

5.1.1Ol

.1.102

5.1.1o3

5.1olO4

5.1.1o5

5.1.io7

5.1.10g

_ui_ _ Reamer

rotations fl,-ted edge tool used for enlarging and rough finishing a

hole previous!3 _ formed.

Router T_.n_ L_te

S_._e _s "RF" except metal plate is I/_ inch thick, and does not h_ve

bottom block. Used _ ply,_cd table for short runs or parts.

Shop Accessory

Any tool used in %he shop as an aid, requiring documentation or design
by Tool Engineering Section.

A fixture to hold a subassembly to an entire assembly.

k lamL-mted kiln-dried wooden form block turned to the inside dimensio_

of a desired part for spinning into a shape that can be generated by

revolving a llne about an axis.

a_r_be Drln &g

A tool-guiding device that provides for locating work in proper position

for scribing and drilling operations.

!£r_be Temp!ate

A template used as a guide for scribing operations.

3uppo_ _ture

A fixture used to hold and support a part or assembly to perform a

particular operation.

Stretch Form Block

A block made to the inside size and shape of a desired part, around

which sheet metal is drawn in a press by clamping the metal in press-

Jaws, forcing the form block against the metal.

Shaper _l_k

A contoured block, used on shaper machines to guide the work against

cutter to shape metal parts.

ShaDer Fo_

A contoured plate or form, used on shaper machine to guide the work
against the cutter to shape metal parts.



7

5.I.Io_ StmtChe_"Jaws

A set of blocks or Jaws used for handling or gripping a part _hile
being stretched formed or drawn.

\

5.1.110 sp£n_

i form die turned to the inside dimensions of a desired part for
spinning the desired part into shape.

5.1.111 Stret.qh Form Die

A die m_de to the inside size and shape of a desired part around which
sheet metal is drawn in a press by clamping the metal in press-Jaws,

forcing the form die against the metal.

5.I.I_ 31o_n_ _e

A pierce-type die with m_tching punch designed for punching slots within

the body of a part.

5.1.n3

A tool used for spreading or rounding out thin wall cylinders.

5.i.I14 Special_er

A non-standard type design or size reamer restricted to use on or in

conjunction with specific tools only.

A tool used to secure one metal part to another by forcing the metal
edge of one member to flow either inward or outward around the other

part, thereby effectlng a holding fit, as in staking a bushin6 or a
shoulder on a raft.

5.1.116 Storage ._tack

Any rack used for the _torage of Jig part, vehicle parts, and/or

vehicle assemblies, an_.may be either stationary or portable in design.

5.1.117 Setup,,Template

A template used for setting up Whistler Dies, Wales, Strippers, press
b_'ake, and dies.

U3 4,11! 4090

A set of steel blocks, having grooves that are smaller than the original
size of a tubo or rod, which by repeated blows will reduce parts to the

desired sima. Used in a rotary swaging machine for tapering, sizing, or

reduc_g bars, rods, wire, or tubing, into roung cores sections; press

operated closing die for c_eratlon such as a cable terminal swaging, or

I,@. D5-12561
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;.-.!19

5.!,12o

5.1.122

1.123

5._.t2+

S,I.125

5.1 .I+??

++

<.:I.,.1.28Y

hy_r_ullc ho_e coupl_ng attachment.

_:_ot Weld Teml_

A te_:te ;_ed to transfer spot weld patterns to parts.

X tool _ade for use on/or in conjunction with antober tool.

_ri m _e

punch and a die used for trimming a part after forming or for trimning
the ends of a strip.

_L_. Drill 3hel1

}{assm_:e function as TS ,_Ithadditional provisions for locating holes

for drilling.

?r_ FLxture Acces_o_

A tool <r d<_vice used in Conjunction with a trim fixture.

A _:age used for checking pitch diameter, lead, and/or threat form of

_.ter_al threaded parts.

Tooling _jout

,,layout or drawing of a part assembly made on metal, showing the part

or assa_bly in one plane. Used for the fabrication of the other tools.

Trb_: Fixh_e

A fixture used to trim a part to finish dimensions after forming.

Tool _ P_ttern

A pattern made of plaster used for casting purposes in making other
too]-_. Pattern is made oversize to allow for shrinkage.

Z_nin_ F_ure

k fixture used to locate and clamp a part in a position relative to a

cutting tool while turning the part.

I
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5,1.!_9

_.I.13o

5.1.131

5.i.i32

5.1.133

5.1.13#

5.1.135

5.1.136

5.1.138

 hen

A thin shell made to the exact size and shape of either the inside or

outside of the part on which it fits. Used in marking, drilling, cutting,

or _nj,combirmtlon of these operations on a _art.

Tr_nsportatlon Trailer

A trailer used to move a part from one poslt_n to another.

TFiz T_l_te

A template shaped to the inside (or outside) mold line of the part that

provides locations for tri,_mlng.

Tes_in_ Aool

A tool used to check the function of a prcductlon part or assembly mech_n-

ic_, elec_cal_, h_ulically, or pneumatically.

Toglhng Templates

Tool designed by Tool DIsign ma_afactured bY the template department,

and used by the Tool Shop to build a tool. Also used for setting and

inspecting subassemb_v and major assembly fixtures.

T@st Too! Ac_eso_

A tool used in conjunction with test equipment to assist the test

equipment or make it adaptable to a number of parts, assemblies, or systems.
_y involve mechanical, electronic, electrical, hydraulic, or pneumatic

principles •

Tube Template

An apply template ma_ from a tube large enough to sllp over the pert to
locate trim, holes, cutouts, and slots, as required.

Vee Die

A "V" type female die used with brake press.

Vise Ja_

A set of shaped Jaws or blocks mounted in a vise. Used for clamping and/or

locating a pert while performing the required operatlon(s)

Weld Fixture

Any suitable rigid structure holding component parts of an assembly while

the work is being welded.

U3 4_t!
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_.1.140

5.I.I_I

5.i. 142

j.!.143

5.i.I_

A tool or device used in conjunction with a weld fixture.

_/ip_n_ Form _ioc_

A tool used in a power press for flanging sheet alu_ parts with

lrre_r contours. Cop_ists of a form block made to the inside

contour of a part, a pressure plate overlapping a pressure plate shim,
together with a backup plate and a split wiping block made to outside

contour of the forned parts; supported by a filler plate when required.

Wire Hargess

A tool used for the fabrication of electrical harnesses showlnE length

of wire, where connections are located, and all other information needed
to fabricate harnesses.

Sane as plaster pattern except made of wood.

i tool for bending solid rod to various bend radii.

i_vld and,,.,TF,_ Fixt_e

A fixture which holds parts in correct position for welding and

tr_ing operations.

iA. ......



) : 2 TOOL _JNCTION OF SPECIFIC TOOLS
J,

PP-2-302-7047 Redesign of PP-302-7047

HF-370-24250 Holding Fixture Gore Apex - This picture

frame type holdingflxture wLll be used
as a storage rack (capable of beln_
stacked one on top of the other) _nd is

supplied with trunnions for use with
PrD-370-24250 for positioning and trans-

port to X-ray.

HF-2-370-2_,250

_IT-370-7592

Holding Fixture Gore Base - This picture
frame type holding fixture will be used

as a storage rack (capable of being
stacked one on top of the other) and is

supplied with trurmions for use with
PrD2-370-24250 for positioning and trans-

portation to X-ray.

Miscellaneous - Tool used as a Protective

Cover in structural assembly tower for

upper bulkhead.

HT- 370-7618 Hoisting Tool - Bellows Assembly LOX
Tunnel.

PrD-370-7537 Production Dolly - _0X Tunnel Assembly.

HT-370-19110 Hoisting Tool- Intermediate Ring Segments.

This spreader bar type sling will be used

to handle the ring segments in the

horizontal position for assembly into the
thrust structure assembly fixture.

SA-370-7098 Shop Accessory - C-Frame, 50 Ten Travel

lift - NASA Design.

_TR- 340-7099

HT-370-18703

Transportation Trailer - Thrust Structure

Components - _SA Design.

Hoisting Tool - C_er and Lower Thrust

Ring Web Assembly.

MIT-3?O-18100

STR-370-18100

V_sc. Tool - Skin Panel T_ust Structure

Strong Backs for HT-_370-18100 (2) Sets
required.

Shipping and Storage Rack - Oylindrical
Skin Panel Assembly.

STK-370-18901 Shipping and Storage Rack - Web Assembly,

Center Engine Support.

U3 4art _0

I"_°` 5-17



5.2 ( Continued )

HT- 370-18800

;_T-370=7118

HT-2-370-2flO00

HT-37 0-14¢OO

FF-370-140OO

H_37_I_OO

HT2-370-1_,000

_:IT-370-14400

Hoisting Tool - Thrust Post Assembly
Fixture. This sling is used to lift

the section of the assembly fixture

prior and after all assembly operations.

Hoisting Tool - Intermediate Ring

Segment Thrust Structure Assembly Fixture.

Hoisting Tool - Half Intertank Assembly.

_£S sling _ be used to remove the
half intertank from the final assembly

fixture. It is also used in conjunction

with HT-370-1_O0 to remove the forward

sklr% from its flnal assembly fixture.

The sling is an "H" design spreader bar,
of "I" beam structural steel construction.

Hoisting Tool - Forward Skirt Skin

Segment. This spreader bar type sling

lift the skin. segments in the

vertical position for installation in the
forward skirt assembly fixture.

Personnel Flatform- For_ Skirt

Assembly Fixture, This personnel plat_ex_

will permit access to all assembly areas
of the fixture. It will be of a semi-permanent

of various levels.

Hoisting Tool - Forward Skirt, Ekumm_y

Y-RAng.

Hoisting Tool - This tool is used to
facilitate attachment and removal of the

Dummy Y-Ring Assembly AF 425-1400G-21-00:;
Forward Skirt Assembly Fixture _m 425-1LK)00.

_Rscellaneous Tool - Forward Skirt

Panel. These (16) lifting lugs willbe used

to facilitate lifting the skin panel in

the horizontal position and the vertiaal

position. Eight of the lugs will be
utilized to lift the complete ferward skirt from

its assembly fixtuxe.

I
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5.2 (Contirmed)

HT-J?O-28050

PP-370-28000

;-_-,-370-28000

HT-_70-28000

HT-3 70-28205

HT2-3 70-28800

PP-370-28050

HT-3- 370-28000

Hoisting Tool - Lctert___nkSkin Assemblies.

This sling will handle the skin assemblies

in the vertical position for locating and

installing in the Intertank assembly fixture.

Personnel Platform - Intertank Structure

Assembly Fixture. Ibis platform will be a
mobile type and if possible a commercial item.
The way in which the fixture is loaded and

the intertgr_k removed, it is impossible to

use any permar_nt t_pe platforms.

2:echanical Equipment - Half Intertank

Assembly - Shipping and Storage Rack.

Hoisting Tool- Intertank Assembly. This

sling k%ll utilize two bridge cranes at
each side of the Intertank. The Intertank

will be lifted between the two cranes to

obtain a _axlmum overhead height for clearing

the fixture.

Hoisting Tool - Intertank Skin Panel. This

spreader bar type sling will handle (one)

skin panel in the horizontal position for

positioning and installing in the skin bub-

assembly fixture.

Hoisting Tool - Intertank P_ng Segment.

This sling will handle the individual ring
segments in the horizontal position for

assembly to the skin assembly in the Inter-

tank final assembl_ fixture.

Personnel Platform - Intertank Sub-Panel

Assembly Fixture. Permanent platform which
sorreunds the fixture and is designed with

a portable accessory platform which bridges
over the fixture.

Hoisting Tool - Used to handle the following:
STP-370-7295, _E-370-7353, STR-370-18901.

41Pm &FJ'NS'
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5.2 (Continued )

PRD-370-7537

HT-t_8-8O16

Z_T-470-8020

HT-3?O-16000

1_- 370-16000

PF2-370-16000

FP-370-16OO
(Inside Fixture)

PP-5-370-16000
(Outside Fixture)

PP4-370-16000

PP6-370-I0000

XIT-3?O-16000

(Temp.)

(Fittings-Lifting

Lugs).

Production Doliy-LOX Tunnel Assembly. This

dolly will support the LOX Tunnel in the

horizontal position for st=rage and transport

to the high bay assembly area.

Hoisting Tool - Installation of the LOX
$_ction Line.

:_iscellaneous Tool - Protective Cover for the

F-I Engine in horizontal position.

HoistinK Tool- Fairing and Fin - Fairing
bulkhead and frame assemblies.

Personnel Platform .. Cneter Fairing Assembly

Fixture - This platform will permit access to

the center fairing assembly fixture for all

assembly operati?ns,

Personnel Platform . UpperFalring Assembly

Fixture - This platform will permit personnel

access to the upper fairing assembly fixture

for all assembly operations.

Personnel Platform - L@wer and Center Fairing

Assembly Fixture. This platform will consist
of several levels and will permit personnel

access to the assenbly fixture for all assembly

operations, inside the fixture and outside the
fixture.

Personnel Platform - Fin Assembly Fixture.

This portable platform will consist of several

levels surrounding the fin assembly fixture to
permit access to the fin components for all

assembly operations.

Lower Fairing Sub-Aasembly Fixture.

_iiscellane_as Tool - Fairing Assembly. These

fittings will be used to enable lifting of the

lower fairin_ assembly, center fairing assembly
and the center lower fairing assembly.

a B, a, P,N,B 1"" DS-Z2S6I ....
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5.2

(_.)
Fitting_.Lift_
Lugs

_T3-3_-16000

{T_. )
Flttinp-Lifting
Lugs.

_-37o-16no

FAscellaneous Tool- Fina Assembly.

These fittings will be used to lift and

transport the fin assembly.

FAscellaneous Tool - Upper Fairing Assembly.
These fittings will be used to llft and

transport the upper fairing assembly.

Personnel Platform - Fairing, _Alkhead

Asse_l_ Fixture. _hls portable platform

will be used to permit flt-up and welding

personnel access to the weld fixture.

!
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FUNCTION OF AUTHORIZED TOOLS

Thrust Structure

AF3_O-?O?I

HT370-7107

HT370-7108

YIT335-18100

HT370-18100

AF335-18100

Are-335.-18100

AF33_-181OO

RrJ35-181oo

AF335-183OO

T_33_-183OO

Ar335-183OO

AF337-18602

A_337-18605

Ar337-18607

AF3_-18703

AF3_-18704

LI_1335-18901

PP370--18901

AF335..18901

To Assemble Lower Thrust Ring

To Handle Holddown Poet

To Handle Outboard Thrust Post Assembly

To Locate Hat Sections on Aft Adapter Skin Panel
Assemblies

To Handle Skin Panels and Assemblies in Sub-

As0e_ly Fixture

To Asaeuble Skin Panel Assemblies at Holddown
Position

To Assemble Skin Panel Assemblies at Holddown

Position

To Coordinate Headers for Skin Fixtures

To Assemble Aft Adapter Skin Panel Assemblies

To Assemble Skin Panel Assemblies at Fin Position

To Trim (2) Sides and Aft End of Skin Panel
Assemblies

To Coordinate Headers for Skin Assembly Fixtures

To Assemble Upper Ring Web-Assembly - Fin Position

To Assemble Upper Ring Web-Assembly - Holddown
Position

To Assemble Upper Ring Access Panel Assembly

To Assemble Lower Ring Web Assembly Fin Position

To Assemble Lower Ring Web Assembly Holddown
Position

To Locate and Drill Center Engine Clips at
Center Engine Thrust Post Position I and III

To Support Personnel On Shear Web Assembly Tools

To Assemble Web Assemblies of Center Engine

Support Position I and II

B B NJ_VO
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5,3.1

_J_J33_-18919

AP335,.19110

AF335-19120

Ar33_-19300

_3_-i930i

Tn1"r3"/O-ie050

STR370-18100

H_2-335-18100

Ar2-33_-i8300

PP-335-183OO

_CkC,-335-183ZO

HT370-18703

TT_i8?03

AF33_-i8800

_335-_Boo

To Assemble Web Aaaembliee of Center Engine

Support Position III and IV

To Locate and _ Center Engine Clips at

Thrust Poet8 at Pesitlon II and IV

To Assemble Intermediate Ring Asseab_y
sta. iSz

To H_seable Inter_te Ring AssmblY
Sta. 18_

To Assemble Int, er_os_l Ass=.b_- Sta. 152
to Sta. 18_

To Assemble Inter'costal Assembly Sta. 216
to 2t+8

To hold and support the Thrust Structure
Asseab_, _st Ring _mbl_s, Center

Engine Support Atse_lias _e Transporting

To Hold and PTotect the Cylindrlcal
Panel Assemblies when st_.

To Rold Skin Panel Asse=blAes _ile

re_g ,Liseellaneous tooling and completing

finishing ope_tlons.

To position and hold all parts of the Skin

Panel Assemblies, Fin Position.

Personnel Platfon_ to Faeilitate Operation

carried on in the Skin Panel AssemblF Jigs.

To Gage Hole Pattern tenon to Umbilical Plate
and Thrust Structure

To Hold various Web Assemblles of Upper and

L0_Ir Thrust Rings while Hoisting

To Looate for _ Tool Holes cemon to

Web AsseSbl_sad T_st _ Asse=b_.

To _itton and Hold all eo=pone_t parts
ef the Thrust Poet Auembl_ for Drilling
sad _a,t_

To Hold and Traverse O=_mu_ Thrust Post

Asse_1_ while Milling Aft End Surface

_r 4P _rlN4_



5.3.1 (Contlmmd)

HT370-188OO

._333.5,-189_

_2-33.5.-.:_,o

AF3_5-19130

Ar335-191_0

wn_3_32_o

H_-yPO..28eO0

To Hold Outboard l_z.m_t Poet ._m_b3_ _i3.e
Hoisting

To Position and Hold Details of the A_

Shear Panel Assenbllee uhile D_ and
rasten_

To Pooltion and Hold Details of the Au_

Shear Paael asseiblles _hile Drilllng and

Fas_

To Ho_d and Poelt4on Dotails of the Inter_te

S_pen_. sta. _6. _ D_J_ng a_

Te _ and Poeition Details of the Interuedlate

_q Segments, Sta. 2_8, while Drilling and

To H61d and Position Details of the Engine Aetuater

Support _hile Welding 5.0 and 7.0 Diamoter Tubes

To Hold and Position Details of the Engine

l:_ut1_r Suppart _hile Welding 2.50 Diameter Tube

To Hold Inter-Tank RAng SeKme_t and "J" l_.ng,
Sta. 315.0, while Hoisting

I
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5.3.2

RF-302-7000

_-So2-?ooi

._7-302-7002

1_u_-302-7006

I[F-302-7_,._

._fF-30_-TDlO

AF-30_-7OII

WF-S02-7012

R2-302-7013

Ta_F-302-701_

HT-370-7015

;_-300-7016

_-30_-7G17

WaTF-30_-7OIS

heat Treat Fixture For Base Gore .fter Fithi_%_ is
Uslded

_,_outerfor ;_pex a_ [_se Cores Tri_ _.t_tian -

Pe_.'forationfor Apex to Due "Weld

Router for Gore .ssetLly T_ir <::tatS.on- Perforatio_
for Tk_Ikhead Jeld

:_id Carriage fo_ Apex to Base .eld Station
(Cancelled) Purohased by Facilitj per Doo. -

D-5-12080

•Jeld Fixture for ,_pex to _ase Weld 3tation

Back-Up P_r for _,eld F_._t_re - AF_x to i_se _eld
Station

Trim Fix_:re for '7<_reAsse: LIj - Perforation for
i.h_Ikhead Weld

Holdir_ Fixture f_r Posit_or_l_L t:.e Gore to ._se

in Wel_u,_ Operation

;/eld Fixture for A_x to _se _eld Station 8_d Y-

_ting to C._re Asse_,hly

Turntable for Gore to Gore Weld

Weld Static. for Gore to Gore :4eld

_ter to TrL-_ Feriph_, of Ltul/__ead_wior to

_eldlno of Y-_In o

Weld Center Piece to -,_ulkhead

Hoisting Tool for Lifting Gore Ass_ bly

Tank SuL Asoe_.oij Turntable

Vacuum Chuck for ?_re to Gore _:Jeld

Weld and Tr_. Fixture - for Weldin_ (>atboArd IAL_

,Tunnel _tt_-_ into A_x

Test Ueldinc of C_re to Gore

Weld Head )_ulpulat_r For Apex to Base _eld St_.tion

9-



5.3.2

_m-3o2-?o26

HF-302_7028

_-302-7030

w&rF-3o_,?o35

W&TF-30&-7036

_P-_?_

PP2-3o2-"/_7

WaTF-_O&-7055

_&TF-3 04-70_

WFA-3 0&-70_7

Control Trim figure for Apex and BaN _icel Trim

Statioa - Perforation for Apex to BeJe Weld

Trim Fixture for Apex and Base Go_e Trim Statiou-
Perforati_ for Apex to Base Weld

Weld Station for Y-sing %0 Gore _eemhly (Pu_sed
by Facilities Per Doc. D-512DSO)

Holding Fixture for Gore Assembly Trim Stati_ and
Bulkhead Weld Station

R_Ate_hamfer FdEe-fr Apex_d Base Gores T_Im

Station - Perforation for Apex to Base Weld

Weld _ Trim Pixture Outboard LEE Tunnel Fitting

Apex, Aft Fuel Tank

Weld and Trim Fixtur_ Inboard L0X Turmel Fitting

to Apex, Aft Fuel Tank

_outer PearlMounted on UFA-30_-7057 Gantry

Weld Equipment to be mounted a_ used on WFA-30A-

7057 Ge_tr_

Weld Head Manipulator for Apex to _ Weld Station

Test Weld Fixture with the Apex %0 Base Weld
Stati_ °

Per_omnal Platform for Gore Assembly Trim Fixture

Persomnel Platform for Weld Jig

Used for Assembly of AF-302-7011 (only) (borrowed

f_ H_t=ville )

Sling Used For Plaain_ Gore into Fixture

Weld and Tr3_:_Pixtu_m Manhold Fitti_ to Ape_,
Forward _uel Tank

We3A and Trim Fixture F_el Fill and Drain _Ittlr_

to Apex. Aft Fuel Bulkhead

Weld aud Trim.Fixture _a='_" and Drain Fitting

to Apex, Aft Fuel Bulkhead

Gantry to be used with Weld and Trim Fixtures for

Routin8 Holes in Gores and Weldin_ Fitting into
Gores

UlUl! i
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(;o, ',i:: _-d)

,,.:._-30:;-70_ _

r" C-332-70.;0

::'l F-302-70_,I

_-30_-7_33

._T-302-7064

,2.,-3 _2-7_36

.;:-3o,_-7057

J_T-302-7069

:,T-37_-7073

}_/T-302-7078

mT-370-7079

:_,'-370-7080

AC--502-7503

.,_--39Z-7506

,2-302-7511

_IT-302-7512

EIi'-30&-7513

Ti!ti:q Platfo_, for .ipex to Base Ueld S_ti_n

Lox T_ plate for Sore Apex

Bcx TeL "_lat_ for Gore _,peX

}_eat Treat .'_ixt_me for ,,pex _itt_uj Las been
Jelied

CL_:__s u_ed d_'i ,,l:illi_k,c! _ere Asse_Lly "

_eld ;lead _ni;'_a!_tor - ,,_X to ;rose .%id

.outer-C!a_fzr &'_e - f_r A_mx m,d _ase TriL: "ration

%_e for set'_t_ l_ll/z< _tter _u ._-302-7013

Ouide to inet'_ll .._lld._d o_ Y-,d_

.,eld .:i_:,_ro "ki, ej. _nt to .iuiz_ _eO_ m::t

Hoiuti.;,..?_,oi for ko'_ition of Fore .._-eld F_.'d$_!m_

_.oi_ti _,._?oo! for .-¢x Gore Concave Side up into

..7 -30a-70_7

?iller J&anket ft,r ..;ex and _-_se Tr_ &_ _;e].l

_eal LCX Tu. ,el C2_,i,.q; for ?acu_,_ Chuck

}:oi:ti'.,_: t'., _i.&s_.ed Y-,_tn_,

:_e'_i:'._.,, _ , Ma_-_;oleFitti:'S U_L_r :cad - 'k_,el

?a._k _,"itti,js to ,,pex :;eld

;o!,l a..[iTri; Fixture Inboard L£.[ 1_2t_el [°_ttinc

to Z_ter piece Forward _el '.,"_k

Auxiliar_j One - for use with t:_ WF;_-302-70_7

,.axili._.: "a, e - for use _ith _e ,7.-30_-7_57

Auxill_rj Ca, e - for use _i_ t ie '. F.-302-7057

Auxili_- ga_e - for use with the ,,F.-302-7057

•_eldi_ Tool :_ss to Polar Cap

,_tainJu_L _n_, t_rtboar_ L6/ Tunnel ?itti',.C U[._r

Head A_.el Tank for Welding Fitting to ,_x

Used it, con_,ctio_, _.dth HF-302-7017

B B GSNm I-_ _-I_ ........ 9-
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5.3.2 (Continued)

MIT-30_-751_

MIT-30_-7515

MIT-30_-7516

MIT-304,-7515

T_--'._O_,,,?51A

HT.yfO-7,_43

_T-3TO-7546

(IC--3O2-'/547

MIT-30_-.7550

AFA-302-7560

_TF-302,,.7563

_TF-302-756A

MIT-302,..7565

MIT-302-7566

MIT-302-7567

HTF-30;_.-7569

W&T_-302-7580

W_TZ-_O_.75at

W_TF-30_75S3

Used in _nJuncti_

Used in oonJuncti_

Used in conjunction

Uu4 in cenJuncti_

Used ix, o_Junctlon

Test Weld l_Ixtmre .

with HF-302-7017

with H_-302-TOI7

with HF-30_-7017

with PR-30 3-7017

with HF-30_7017

HoiJt Tool Components into position during

_ctlen

Bulkhead to Skin Cylinder and Skin Cylinder to

Skin Cylinder _llgnment Tool

Gages used to check Diameter of holes Router

under Gantry

Y-Rin£ to Bulkhead X-Ray

Y-_dng to Bulkhead Weld

Weldmd Trim Fixture Electrical Feed thru

Fitting to Base Aft Fuel Tank

Weld and Trim F__x_ure Fuel Sensor Fitting to

Apex, Aft Fuel Tank

Used in conjunction with Vacu_ Chuck

Used in conJunctlon with Vacuum Chuck

Used in conjuration with Vacuum Chuck

Heat Treat Fixture After Fitting is Welded in
Gore

Weld and Trim Fixture Fuel Loadin_ Probe Fitting

to Apex, Furwar_ Fuel Tank

Weld md Trim PL__ture Electrical Feed thru Base,
Forward FUel tank

Weld and Trim FixLure Fitting to Apex, Aft Fuel
Tmmk

Access to External 31de- l___ki_ad Assembly

"Weld Fixture for Welding Skin Tee' s

...ooa.M,m " r,..,se ->-



_.3.2

i_T-370-7614

ss-yJo-?615

/¢IT-300-,?117

HT-379-7618

Ti?-3OO-OOOll

CK2,2-303-!000_

CKO3-303-I0005

CK(T_@-303-10005

CT-303-I0005

CT5-32_-I0005

_'-303-i0005

NIT-3 _-10005

HT-3_3-IO005

o o -Iooo5

0TG2-30_-10005

P_-370-IOO05

T;L3-303-10OO5

FT-331-IO005

T._6-303-10005

T,,9-3OO-I0005

_F-303-IOO05

To _otect U>i'mr LC_ Tunnel _Itt_, Durlns LOi
Tt_uel _istallation

To hoist LC_ _el 5_p_xi_ Con_a_ler, _mel from

container to .eld _'_Ixturean_ _b_nnel .:ss_bly from

:ell .:'_Lxtlreto _rod_ction Doll_-

_ttLn_ _,e _,o:,e_.suye le_gth a :_d ,_1_u_lar_r_'. of
L_&_ Tunnel

To trln: LO_ _u_.ei to le:_%/_and .,:_letaken froz,
SC--300-761_

To pro_ect LUX _-_,el bellow_ durln_ Tu_,el
Lust allation

To Poist _ello_ for l:_stallation on LOX 1_u':_el

Used for chef=ins _.,.D.

Used f q.r setti_, u_utter

Used for settL_ Cutter

3et Gage

Contour Te_d_l_te

Sontour T_;q'late

Used for Hilli:_ Y-Rins

..ou_j_}lea_ure;e,:t of O.D. or I.D.

Tooling Dock - Y_n_, _eck

C_eak _ni_hed Dimension_ - Y-;hlnj

Tranm port Y-cling

Self ,Z__ory

T_:plate to check profile of Y-_LnC

Tool Holders

Tabl_ _en_io_ _hards - _or_ Rill

Lqa::,p Y-,_i,_ ,,eld_-eutfcr I_.inln,7 on 5ori::; Mill

us¢l_SS



5.'3.2 (Continued)

HT-370-I0006

HT2-370-!00C_

_300-I0006

_<F-300-IOOO6

T_7-303-I0006

T_IO-3OO-IOOO6

Z_Y-303-10006

wF-3o3-IOOO6

HT-370-2AOOO

;_-_,.-300-2A100

_EA2-3OO-2AIO0

_T_-3@_-2AIOO

_/FA5-3Ck9-2_00

_A6-3oo-z_100

WF,_.7-3OO-24100

_'_FAS-3Cx3-21_l0_3

_A ?-300-2A100

T_:F-30_-2&ZI9

WF-30_- 2&219

DJ-30_242_0

Sling used to handle individual Billets prior to

Welding

Sling used to handle Y_[ng Weldment

Used to rm-,_I_Al_te".X-ray" Tube for RAdlogra_J_

Inspection of Y_g Welds

Used to remove Weld Defects for Y-;ling Rep_

Hold Weld Head and provide adjustment

._m_ve Weld Starter and Run-Off _locks

Used for Weld Certificati_ prior to Welding

Y_ _!l_ts

_,eld Y-_tinj,billets

Hoisting Tool f or L%tlkhead Ass_

Hoi:_tln_._Tc._olfor [_Alkj_e_dAsse_ly

X-ray Thbe C_rrlgge

X-}{ay _ZLn Carriage

Motorized WeLl _l_ Carriage

='_ectric C_trol Console

_ectric Cc¢_trol Console

_-Ray Film C_rriage

X-[_y Tube Carriage

X_y Accessory

Trims _bow }ialves

Welds _b_w Halves (Outb_rd)

Locates and holds completely welded /_sembly
wiJ_e dyills _O holes

,_.'L cut holes in :_pex for Fittings

Weld Upper _n_l to Lc_wer A_embly

->-



ul 4B11 m

•3.2

AF-322-2_733

T_-30_6

A Irloer_tKl _sse_b_r _e _ssd to Loos_
and hold _t parta of tl_, _tl3J_r,,4 RAN;

6o_7o_ and -_

A Floe_ N_mmted Auemb_ Plz_ure used to leeate
and hold _t _ of the ___ Baffle
se_.at A_ d_ _ ot _a_u_l
-5 md 6o_470_-I

X_"_ Tube _upp¢_

Cap _ X_

Personnel Platform

X.aay Tube Shield

%_1_fi_ation and Storage Polar Gap X-ray

X-_ay Contrel Gentle

Used For Heat Treat

Used to Weed Holes i ._ Y-__n_

Teel Heldor

T_l _ldor

Optical Te_l Lo_ate_

Scribe _ou_h Trim at Bath_do of Wmld_l _ow
Halves (0_tbcml_)

Holds Weld Head and _-_ Head while _mtchlng and

drilling Fu_ S_etlm FittA_

To _@_ ine Upper F_ngo _ Net

Turntable (PoSeur) to _sitiau Fixtures in
c_-r_ot Oreiatati_ _r _ and Welding

Seribeo R_meh Trim a¢ _ • _ of Weld Zlbow
_..1.w • (Z_bo-.._)

Trinu_ large end of _ Elbow }_alvee net, and

TrAms small end of W_l.6od Elbow Halves net, md



5.3.2

'Z'NF-30a...Z#Zl8

WF-304..-2a.218

H_30_- 24219

T._'-304..24219

WF-304-24219

DJ-_t4..2t_220

_I%TF- 304- 24218

_T£-3o_.24219

TmF-300-7644

ETMF-302-7006

Shows Contour and Tooling Holes in Inboard
Elb_ Halves

Trims Elbow Halves for Welding (Inboard)

Welds Elbow Halves (Inboard)

Shove Contour and Tooling Holes in Elbow Halves

Trims Elbow Halves for Welding (Outboard)

Welds Elbow Halves (Outboard)

Trims Excess from Fitting Assembly,

Drills hole Pattern in Flange

Trims and Welds Instrmment Fitting to Elbows
(zn1:x_ard)

Trims and Welds Instrument Fitting to Elbows
(Outboard)

Skin Trim Fixture

Electrical Control System for the Gore Assembly
Trim Station

UzD4a1_t eeee

._o ,w,.aa',,w,o J,,....,n,..-'_,_1_ ->-



5.3.3 _ntertank

AF 320-28OOO

AF 320-28800

AF 320-28820

CT 320-28800

ATDT 320-28803

ATDT 320-28844

DJ 32O-288O0

DJ-2-320-28800

DJ-3-320-28800

AF 320-28050

MrCEG 320-28201

DJ 320-28201

_CKG 320-28202

DJ 320-28202

DJ 320-28203

Assembles Skin Panel Sub-Assemblles and Frame

Rings - Intertank

Assembles Components into a 60 Degree

Segment of Frame Ring

Assembles Components into a 60 Degree
Segment of Frame Ring

Used to Check Contour o£ Outer T Chord and

Tooling Coordir_tion

Coordinates Tool Holes and Contains Pilots for

Rivet Locations Common to Chords and Webs

Coordinates Tool Holes and Contains Pilots for

Rivet Locations Common to Chords and Webs

Drill Fastener Locations Throu@h Chords, Chord
Splices and Webs

Drill Fastener Locations Through Opposite
From Above

Drill Pilot Holes in T Cllp

Assembles Three Skins

Controls Hole Locations In Drill Jigs for
Inner "Y" Ring Fittings

Drills and Reams Fitting to Skin Attach Holes
in Inner Fuel "Y" Ring Fittings

Controls Hole Locations in Drill Jigs for
Outer "Y" Ring Fittings

Drills and Reams Fitting to Skin Attach Holes

in Outer Fuel _Y" Ring Fittings

Drills and Reams Fitting to Skin Attach

Moles in Lnner LOX wy, Ring Fittings

us QII 4000

I
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5,3.3 (Continued)

DJ 320-2820@

F_ 320-28100

DJ 320-28240

}.h'CKG 320.-28202-900

DJ 320-28202-900

DJ 320-28204-900

Y_DJ 330-?_55

p_ 32O-28OO

ATDT 320-28103

ATDT 32O-28241

DJ 320-28000

ADJ 2°28160

ADJ 320-28220

ADJ 2,320.-28220

ADJ 320-2_60

Ant 2-3Z0_60

ADJ 320-28156

ADJ 320-28157

Drills and Reams Fitting to Skin Attach Holes

Drill & F_LI.IAttach Holes in Umbilical Opening

Drills Attach Holes for Doublers and Stiffeners

Controls Holes in Drill Jigs for Outer "Y" Ring

Fittings at Splice

Drills and Ream Fittinp to Skin Attach Holes

in Outer Fuel "Y" Rings Fittings at Splice

Drills and Reams Fittings to Skin Attach Holes

in Oter LOX "Y" Ring Fittings at Splice

Controls Holes Drilled in Intertank to Match

HT 370-?292

Position Frame Ring Stiffeners to Splices

Scribe periphery of (2) Openings

Drill and Trims Opening for Electrical Conduit
Also use for Pressure Vent

Drills IntertanM for Attach of HT 370-1292
Posltioners

Assembles Inner Fuel Vent Doubler Assembly to

Paael

Assembles Inner Fuel Pressurization Doubler

Assembl_

Assembles FUel Pressurization Doubler Assembl,v
to Panel

Assembles Inner Fuel Pressurization Test-

Doubler Assemb_v

Assembles Inner Fuel Pressurization Test-

D_bler Asse_ to Panel

Assembles and Drills LOX Outer Frame Assembly

Assembles and Drills LQX Inner Frame Assembly

U3 _H

D_IZ561
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i 5.3.3 (ContLnued)

ADJ 320-28150

ADJ 2-320-28150

ADJ 320-28100-901

ADJ 320-28100-902

OJ 4-320-28800

CKG 320-28221

CKG 320-28162

CKG 320-281_3

NIT-2-320-28000

DJ3-320-28000

MIT 320-28205

HIT 320-28261

MIT 320-28162

MIT 320-28221

Pcmitions X_X Inner Frame to Panel and Drills

Attaeh Holes

Positior=s _IX Outer Frame to Panel and Drills

Attach Holes

Assembles Access Door Outer Doubler Assembly

Assembles and Drills Access Door Outside

Doubler Assembly

Drills Pilots in Frame Ring Outer and Inner
Chord.

Checks Opening in Panel

Checks Opening in Panel

Checks LOX Opening in Panel

Locates Stiffeners in Frame Ring

Drills Pilot Holes in Intertank for Tunnel

Attach

Router Bar for Panel Trim

Routs Opening - Locates and Drills Outer
Doubler

Routs Opening-Locates and Drills Outer Doubler
Also Used for Fuel Vent

Routs Opening-Locates and Drills Outer Doubler

u'= 4art 4o@o

' I""" 5-.35
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TaWF-._O2-qO03

HF-_D2-70C_

.4T'-302.-7010

AP-_O_-?011

WF-302-701a

P#-_2-7013

HT-3 70-?015

AF-300-7016

m'-3OS-?01?

TWF-_0S-?_I9

WFA-_02-7020

wF-3o2-?c_

m,-3o2-7c9o

W&TF-31k--7032

P2-_02-70)7

See l_aelTank

See Fuel Tank

See Fuel Tank

See Fuel T__nk

See ]_Jl Tank

See _,_el Tank

See Fuel Tank

See Fuel Tank

See Fue_ Taak

See _el Tank

See Fuel Tank

See _el Tank

See Fuel Tank

See Puml Tank

See Fuel Tank

See P_I Tank

See Fuel

See _ Tsnk

See Fusl T-snM

See Fuel Tank

See Fuel Tank

See Fual Tank

weld _.nd Trim Fixture Ou%b'd._ LOX Suct. Ftg.

• o .Ape*, (A.,_._OX _)

._,_ Fus.l Tank

-),-



5.3_

TWF_-7_2

PP-3o_,7u4d

PP2_7o_7

SA,,302..7OAB

HT-_53

WFA_04-?05?

WFA-302-705S

_-_0_0

TA-_02-7062

_F-30_7063

aT-_O_70_

RC,-30_7065

HZ-30_eX_9

_T-_T0-7O73

MiT-305-7078

_T-J?O-7079

See Fuel Tank

See _el Tank

See _el Tank

See Fuel Ta_

See Fuel Tank

See _uel Tank

See Fuel Tank

See Fuel Ta_k

See F.al Tank

See Fuel Tamk

See Fuel Tank

See Puel Tank

See Pusl Tank

See Fuel Tank

See Fuel Tank

See Fuel Tank

See FUel Tank

See Fuel Tank

See Fuel TanM

See Fuel Tank

See Fuel Tank

_ol_lag P_x_ure Used With The _-3o_-_23

Weld and Tri_ Fixture LO/Vent Fitting To
Apex Fo_ma,<i XL)XTaaM

Weld and Trim _ OOX Vent Fitting t_
Alex Fonmtrd l_t _ak

Ull_III elll
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5.3._

W&TF-31&-7500

MiT-30_-75Ol

_S-302-7503

AG-302-750&

_C--302-7505

A0_-302-7506

¥_T-304,o7513

MAT-3OA-7}16

T-T-30a-75&1

HT-370-7543 -

MiT-302-7550

IF_,-302-7560

•MIT-302-7567

HTF-302-7569

MiT-302-7600

?WF-3OO-OOOLI

mm2-_o_4ooo5

CT-_O3.tO005

_eld and Trim F'_ Xmh_az_ LOX Suction

Fitting %o CemZer Piece_ Fo,_ _Ael Tank

Weld and Trim F_xtu_-e LOX FAIl and _rEency

Drain Fitting to Base, :d% _ Tar_

Used in Conjunction with Vacuum Chuck

See Fuel Tank

See F_I Tank

See Fuel Tank

_,ee _el Tank

Lee Fuel Tank

See Pu_l T-_

See Puel Tm_k

See Fuel Ta_k

See Fuel Tank

See Fuel Tank

See Fl_el Tank

See ?uel T_k

See Fuel Tank

See Pue{_ Tm_k

See _ael Tank

See Fuel Tank

See Fuel Tank

See Fuel Tank

See Fuel Tank

See Fuel Tank

_ee _ Tank

Lee Fuel Tank

I

9,..
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(C_ tlnued)

CT_-32A-IOOO5

_-3 o_-iooo5

MIT-303-1OOO5

HT-)70-iOOO5

0TC--303-IO005

OTQZ-_X_-IO005

_37o-iooo5

T_-303-i0005

PT-331-IOOO5

TA6-_O3-IOOO5

TA9-300-IOOO5

_-3o3-Iooo5

h_-370-iooo6

HT2,-3_3-I0006

_-300-i0006

RF-300-10006

TA7-303---.IOOO6

TAlO-3OO-10006

TWF-_O3-1OOO6

HT-3 70-24OOO

See Fuel Ta_k

See Fuel _.a_k

See Fuel TanM

See Fuel Tank

See Fuel Tank

_ee Fuel Tank

See Fuel Tank

See Fuml Tank

See Fuel Tank

See Fuel Tank

See _ael Tank

See Fuel Tank

See Fuel Tank

See Fuel Tank

See Fuel TJmk

See FUel Tank

See Fuel Tank

See FUel Tank

See Fuel Tank

See Fuel Tank

See Fuel Tank

See Fuel Tank

See Fuel Tame

l_ad. Tank

See F_el Trek

See Fuel Tank

ul eml,e_
Imae_ _ ..........



(Contln_,d)

_.5..3oo-2&loo

.L_.,:-3_0o

;.:.',_7-3o0-2h.l.OO

t::'_,_.,3oo-2A.I.0O

WFAg-3oG-2_I00

:VAIO,..3OO-2A.I.OO

.,VAll-3OO-ahlOO

.._AL_-3OO-2h2.00

._A3-3_OO

WFAlh_3_OO

',_TAIf,..,_00-241OO

DJ-_O-aAl02

TA-3(X)-_02

T_2-3(X)-2_ 02

T_3-300-2k102

AF-31S-12ALI

AF-'AIS-12_ •

See Fuml Tank

See _ Tank

See :-helTank

See Fuel Tmak

See --_helTank

See :"ha].T_

See i_uelTank

See _%el Tank

See Fuel Tank

_ec _%_elTank

See i_el Tank

_e _ Tank

See Fuel Tank

Se_ _el Tank

See _el Trek

See Fuel Tank

_e ,'_uttl Tamk

AS_:. Pixt, L0_ Cruoif,sm_ Daffle Quadrant

Assy. Pix¢. LOX Cantilevered _ BIffle Quadrant

Assy. Fixt. LOX l_Lag_affle _uadrant

Skin ?ri:_ Fixt,_re

_, B G._,_ _--._,,_sro. ......
.... _,... i,..,, .s._
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5.3.5 _rd _irt Ass_bly

AF42 5-14220

AF425-14000

AF425-15200

1_Y425-1/.325

Locate, hold and drill all details

to complete an access door.

Locate, hold, drill and temporarily
attach all details o r skin panel

assembly.

Locate, hold, and drill all details

and sub-assemblles to complete
Forward Skirt Assembly.

Locate, hold, drill and route all

details of skin panel assembly.

Locate, hold and drill all details to

assemble a 1/6 se_ent of the Inter-
face r_g.

Locate, hold, drLll and _eld all

details necessary to complete the

unbilical door frame assembly.

q*

Ul mS! M_

.,,a 4rEs,v_ l.o. _az_l



5.3.6 Fin and Fairing

AF-345-16OO0

;_F-345-16101-901

AF-345-16101-902

AF-345-16101-903

AF-345-16102

AF-345-16110

AF-345-16135

AF-3A5-16150

AF-345-16190

AF-345-16198

AF_345-201

AF-3LS-16500

AF2-345-165OO

AF3-3_5-16500

AF4-345-165OO

AF-345-3OO00

AF-345-30100

AF-345-302OO

AF-345-30203

AF-345-30204

AF-345-30205

Join Lower Fairing, Center Fairing
and Fin.

Assemble Lower Fairing

Assemble Center Fairing

Assemble Frames for Station 48.5,

83.5 and 100.25

Assemble Upper Fairing

Assemble Station 66.75 Frame

Assemble Upper Portion of Station
216.4 Frame

Assemble Station 115.5 Frame

Assemble 152._5 and 183.89 Frame

Assemble Lower Portion of Station

216.4 Frame

Assemble Station 247.8 and 279.8 Frames

Assemble Fairing Air Scoop

II II I! It

I! t! I_ tl

!I II !t 11

Assemble Fin

Assemble Fin Spar

Assemble Fin Trailing Edge Beam

Assemble Aft Fin Rib and Fin

Station 47.400

Assemble Aft Fin Rib and Fin

Station 57.609

Assemble Aft Fin Rib, Fin Station
67. 819

U_ 4_t I

8' _ Ar jAJ,_,
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5.3.6 Fin and Fairing

AF-3&5-30212

AF-3AS-303OI

AF-345-30302

AF-3A5-30303

AF-3&5-3030A

AF-3A5-3OAOO

ErG-345-7109

Ma_3_5-16090

NrG-345-16102

MrG-345-30OOO

_rSG-345-711A

MrSG-345-30000

TT-3A5-16150

(Cont'd.)

Assemble Aft Fin Rib, Fin Station
37.191

Assemble Forward Fin Rib, Fin Station

37.191

Assemble Forward Fin Rib, Fin Station

&?._oo

Assemble Forward Fin Rib, Fin Station

57.609

Asssmble Forward Fin Rib, Fin Station

67.819

Assemble Fin Tip Beam

Install the Support Fittings to the
Thrust Structure

Controls the Points of Interchangeability

on AF-3A5-16OOO

Controls the Points of Interchangeability

on kF-3A5-16102

Controls the Points of Interchangeabillty
on AF-3_5-30OOO

Controls the Po%nts of Interchangeability

on_-345-7109, MrG-345-16090 mad MrG-

345-10102

Control the Points of Interchangeability

on_n_G-3&5-3OOOO

Locates the Spar Attach Holes and Thrust

Structure Holes in AF-3&5-16150, Co-
ordinates the Drill Plates for Drilling

the Fin Closure Angles in AF-3&5-160OO,

Coordinates the S_r to Fairing Attach
Holes in AF:345-30100 and Coordinates the llS.5

Framelocatfen_AF_3_-_6101-901.

I



5.3o_

AF-_5-_6000

AF-345-16101-901

AF-545-16101-903

A_-95-1610_-902

AF-_5-_S_O

Join Lowa" Fairing. _n%4_" F&ir_n8 and Fin

Asse_le Low_" FaL--Ing

Assemble Frames

To Control Fairing Int._eh_ility a,d
Fin ,_la_abLllty

Asse_ole Center Fairlng

Assemble F,.a_

Assemble

ul 41111
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5.3.7

_ormatlon not available

u) tit
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5.3.8

The Basic Function Of This Tool Is A Shippin_
Fixture. Production Work Will Not Be Performed

On This Tool.

0-_050 Rotates The Engine From Vertical To Horizontal

Position And Back Again.

This Sling Is Used To Lift The Air Transport

Handler While The Engine Is Mounted On The Randler.

It Is Also Used Totl.andle Engine Skirts.

C_O58 The Engine Will Be Positioned Vertically On This

Tool. All Shop Functions Through Engine Buildup

And Testing Will Be Performed On This Handler.

901AlO0 After The Engine Is Built Up And Ready For In-

stallation, The Engine Is Placed On This Handler.

]Pae, _j_



5.3.9 VerCic 

DJ-325-7291

DJ-325-7293

Da-325-7352

MIT-330-7354

MIT-330-7_42

DJ-330-Th43

MIT-330-7hh5

MIT-330-7hh6

l_T-330-7hh7

MIT-330-7L52

MIT-330-7461

MIT-330-7462

Dd-330-7465

DJ-330-7466

DJ-330-7468

Drills fastener locations common to the

Intertank e_t4r fittings and the Upper
"Y" Ring of the Fuel Tank

Drills fastener locations common to the

Intertank Fittingl and the Upper "T" Ring
of the Fuel Tank

Drills fastener locations co.on to

Forward Skirt Asembly and the _per LOX
Tank "Y" Ring

Provides radial aliment for the Forward
Skirt to LOX Tank Assembly

Frovi.dse radial alig_aent, Fuel Tank
to Thrust Structure

Drills fastener locations common to the

Thrust Structure ar_ the lower Fuel Ta_k

"Y" Ring

Frovidee vertical aligmwnt, Intertank
to Tank

Provides vertical ali_ment, Forward
Skirt to Oxidiser Tank

Provides back-up for the fastener locations
common to the Thrust Structure and Fuel
Tank

Provides radial aligmaent Interta_k to
Tank

Pravide8 guides when installing Fuel Tank
Thrust Struo_

Provides guide when installing Intertank
to Tank

Clamps and drills holes in Forward Skirt

skins and doublers in skin splice areas

common to "Y" _i_

Clamps and drills holes in the Forward
Skirt Skins and channels

Clamps and drills holes in Hat Section

adjacent to left side of the umbilical
c_imea_ere

l ->



_.3.9

ta_P-335-71_

MZ-370-7353

_r-370-7Oh9

HT-370-71XX

P_-370-2hOOO

Clasps and drills holes in Hat Seet_on
ad_aeent to right side of the unbilieal
channel mabe_

Providas • isvel eoadit_at for the Tb._tt
S_r_etare to Fuel Tank _eeably

?r_t _dat and lat_r1_ak Stracture

Prevldes mthed ef traMl_t_ag Fuel
Taak a_d X_ _

Prev_d_ mtau_ of tmmq_t_n_ Ferw_
_rt

l_evides method of handling Formu_!

SlAng used for handling of Thr_t S"MP'_o"I_,r'I

Provides method of t_tatiag Fuel
Tank and LOX Tank

8' _ .KJA_'m' I,,,.
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5.3.10  ori nt  + tatton

HT 470-800_

PP _70-8009

Provides an attach point at the for=
ward end of the I_ Suction Duct for

a sling by _£eh the Dnct will be lifted,

A probe type installation tool which
provides a positioning capability for
item installed in the Thrust Structure

during the Stage Horizontal Poeitlon.

Provides aooes8 to the Fuel and LOX

Tank interior while the stage is in
the Horizontal Position.

um oi!
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J
CAPACITY OF TOOLS

The tools built to support contract I_AS 8-_08 are of a quality and
quantity to produce a ed_ of twenty-flve vehicles, and to meet the

contracted delivery schedule.

All major tools will be designed to permit di_ensioral changes, re-

location of critical positions, and as mueh flexibility as possible t¢
allow for incorporation of engineering changes vi+.h a minimum of ooet

and production delay. Following are charts ahewlng descriptions
functions and capacltlee of major tools and facilities.

u] _1_
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6.0

6.1

The _;ic_md Facili_7 has been des_ around product

]anufa_r_ Shops and sup_g Engineering _ps. Ea_h

facility has been deslgned wi_ reliability as a prime consider-

ation. Capable facilities _ rellabillt_ _en coupled with
proper design, manufacture, and lappectlor_. Each facili_ has

been assigned to a "functional" description indicative of the type

and extent of activi_ performed in that area.

Total facility capacity is paced prlmari_7 by the Vertical
Assembly Building. PTmrlslor_ have been made to permit the

addition of a vertloal assembly position with minimum impact.

Tals additional posi_ would _o__de the capacity to attain
delivery rates in excess of those currently e_cted. General

factory area present1_ assigned can be rearranged to provide more
major structures assembly area (i.e. In_, Fo_ Skirt and
Thrust Structure Asse_ Fixtm_) by _ferrlng minor sub-

assemb_7 work to _t-plant sources. _jor proeesslng systems
(cleaning, platlr_ testing, etc. ) oan be extended to handle the

additional rate band an requ_-s as _ntl_ kn_m. The

Mi_dd facility is divided into seven gene_ml areas: (See

a)
b)
c)
d)
e)
f)

Final Asse_1_ (Vertical and Hori_ntal)

t_r Su_-As_embly and _ _i-up
_n_ S=b-Asse_l_

Ele_t_leal a_d Electronio

Ma_m_ae_Arlng _all Scale _del

Rework, Modification and Tool Maintenanoe

_t Cleaning and Finish Process

F_L_L ASS_ FACILITY

Functional respor_ibilitles attributed to this facility are_

a) Vertical Assembly
b) l_a-£,_mtal Assem_l_

c) Refurbish Position

This facility is located in a separate bu.i.ldlag, _uilt specifically
for this task. The building will measure ap_te_7 200 feet

long by 200 feet wide by 215 feet high, will be environmentally

controlled for tuperat=re and h=_tt_V and will ocnform to Class

"Y" clean room specifications per BAC _703, and class zero

specifications per AFTO-O0-2_-203. Thla building will be serTAced

by 4_0/_20/ii0 volt A.C. 60 _ele power, oll free compressed air,
dry nltrogen, hot and eold demlaer_Ltaed _ter, an overhead 180 ton

bridge crane and a 12 ton auxiliary high speed crane on the same bridge.

m mm,Nml  , V -.u 6z, ,
..>-



1. Plnal Asam_y ('_J.oal and Kor_.so_d)
2. XaJor Sub-Xss_bly and _nc_e Belld-Up
_. _U_or _b-Assenhly
_. Electrical and Electra.©
5. Kanufacter_ng F_ll Scale Nodal
6. Rework, Nodif_oation and Tool Ka_ntenance

7. _onentCleaed_ and _ntsh Process

i
I I

I i
I I I II II

1

[11 II

I III

1 0 4 l_

0 0 0 0 0 0

4
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J

6.1.2

6.1.3

6.2

6.2.1

(Continu_)

demineralized water, an overhead 180 ton bridge crane and a

12 ton auxiliary high speed crane on the same brldge, both

with hook heights of 185 feet, _he Vertical A,s_mbly pos-

ition is located in the northeast corner of the building

and will have the capability to assemble the stage in the

vertical posltlon. This step by step erection requires
close tolerance asaemhly capabilities. The stage will be

erected less the engines and will be lowered to the horiz-

ontal position with the 180 ton crane, Area is available

within this building for erection of a second vertical
assembly position. (See Figure 6-2)

Ho_i_optal InStallation Position

This area is located in the Minor Sub-Assembly Area on the

45 foot aisle adjacent to the Major Structure Assembly area.
This area contains facilities for installing the F-I

engines and the sub-systems hardware, incl_n6 propulsion

system components and electrical, electronic, and pneumatic
equipment. It will be supplied with _40/220/II0 volt A.C.

60 cycle power, oil free compressed air, dry nitrogen, and

special foundations for supporting the stage and transporter.
(See Figure 6-3)

_rbishaent 2os,lt!o,n

This area shall have the capability to completely refurbish
the S-IC booster after static firing, All test gages, fit-

tings, instruments, and engines will be removed and replaced

with actual flight ready components. The area is located on
the @5 foot aisle adjacent to the Major Structure Area, The

area will be serviced with 4J_0/220/ii0 volt k. C. cycle power.

Oil free compressed air, dr_ nitrogen for purging and general
factory alr-condltioning. (See Figure 6-3;

MAJOR SUB-ASSEF_LY FACILITY

The Major sub-Assembly Area consists of the following funct-
ional areas,

a)
b)
c)

Fuel and Oxidizer Assembly Build-Up
Hydrostatic Test and Cleaning

Engine B_ild-Up

Fuel and Oxidiser Tank As_, _ Bull,d-Up

This area is located in the Vertical Assembly _lldlng. Three

assembly positions are provided, two on the _orth side and one

on the South side. Each position will provide capability to

u|ms!

m utoKml...'_ '"" 6-3
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:) 6.i.i (_nt___)

both elth hook helghts of 185 fee%. The Vertical Assembly pos-

ition is located in the nore_eas% corner of the building and

have the oapabili%y %0 assemble the sta_e in the vertical position,

This step by step e_ect_ requires cloee tolm-nace assembly capa-
bilities. The stage will be erected less +.he engines and will be
lowered to the horizontal position with the 180 ton crane. Area is

available within this building for erection of a second vertical

assembly position. (See Figure 6-2).

6.1.2

6.1.3

This area is located in the Niner Sub-Assew_le Area on the _5 foot

aisle adjacent to the I/_Jor Strueture Assem_ area. This area

contains facilities for installing the F-I system ccmponemts and

electric_l, electronic, and pneumatic equi_I_t. It will be supplied

with _0/220/llO volt A.C. 60 Cycle po_wr, oll free compressed air,

dry nltz_gen, and special foundations for supporting the stage and
transporter. _See Figure 6-3)

_furbishment Positi_n

This area shall have the capability to completely refurbish the S-IC

booster after static firing. All test gag_s, fittings, instruments
and engines will be removed and replaced with actual flight read_

components. The area is located on _ 45 foot aisle adjacent to
the _jor Structure Area. The area will be serviced with _0/220/

iiO volt A.C. cycle power, oil free compressed air, dry nitrogen for
purgln_ and general factory air-cor_litioning. (See Figure 6-3).

6.2 _JOR SUB.ASS_Y FACILITY

The )_jor e_b-assembly Area consists of %be followlng _ctional

a)
b)
c)

Fuel and Oxidizer Assembly _aild-Up

Hydrostatic Test and Cleaning

Engine Buildup

6.2.1 Fuel and OxldXzerTank Ass_ _ild-_

u) _1! 41ooo

This area is located in the Vertical Assembly B_ildln@. Three

assembly positions are provided, t_o on the North side and one on

the South side. Each position _ provide capability to assemble,

weld and radlographically inspect the Fuel and I_X tanka. This

area will be temperature and humidity controlled _lth the ue of
fabric curtains to ob_in Class "Y" clean ro_ specifications in
accordance with BAO05_03 and Class Zero per AFTO-O0-25-203. The

area will be service b_ Jib type _ l_Anted on the assemb_v
tower. UtilAtiee supplied_i_ be _,_OIZ20/IIO/ volt A.C. 60 Cycle
power, oll free oo_preesed air nitrogen, ar_ vacuu_ distribution
_u£pment. (See F_ 6-Z)

" ['"_d.,:,_ ......
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6.2.2

6.2.3

This area will provide space and equipment %o _ostatically

pressure test for leaks and structural integrity of the Fuel

and 0_tdizer Tanks, calibrate LDX and Fuel Tank volume, final

clean troth tanks, and clean Flight Veh£cle _ piping. This

facility, located on the South side of the Vertical Assembly

Building, will consist of a test and cleaning cell, mechan-

ical equipment tool, office, and control room. The test and

cleaning cell will be located at the main floor level for test

fluid retention in the event of tank rupture. The lower surface
of the cell will be above the factory floor, and the sides vented

for easy cleaning, Lnd installed with a m_nual_ operated floor _

level purge sustem. Cell walls are reinforced concrete or
double tongue and groove construction with a smooth _terproof

membrane lining. Closed circuit television __ii be provided

for remote vle_Lug during the test operation provided by the 180

ton crane and 12 ton auxiliary. Utilities wall be provided as
follows: 440/220/110 volt A.C. Cyc_y power, oil free compressed

air, hot amd cold demineralized water, detergent, missile grade

air, dry nitrogen, and flushing facilities for tris_dium phos-

phate, dilute nitric acid and trichlo_thelene. Temperature

and humld___itycontrol shall be provided with D0X clean atmosphere.
(SeeZ ure 6-2)

Temperature will be controlled at 7.50° _+ 5° with a relative
humidity of 50% _+ 5. Air will be filtered to 85% efficient
filtration, 2_50,000 countable partAoles per c_bic foot.

This facility shall have the capability of installing sub-system

hardware, and skirt and actuator arms. There will be eleven

positions required; nine engine and dolly positions, (six work and
three rework) and two skirt positions. Work will be perTormed in
both vertical and horizontal positions. Standard factory air-

c z tioningwUl be requ ed..  ol2 /lloA.C.,60 po,,,,sr,
oil free compressed air, and a nitrogen englr_ purging facility
wi_Ibe required. This area will be located directly east of the

Vertical Assembly B_ilding and inside the main _actory, between
the _n-destructive Test and ,Manufacturing Development Facilities.

(See Figure 6-4).

ItT..NORSUB-ASSEmBLY A_

The _dJmor Sub-Assembly Area consists of two major areas:

a ) Sub-Assembly

b) Major Structures Assembly

U:I, 4.111
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The Sub-Assembly Area will be responsible for all sub-assemblles
of the Thrust Structure,. lutertank, For_ Skirt, Fin and

Fairing Assembly and Tank Baffle Ring Assembly. The Sub-

Assemb_V area will conform to Class "U" specifications per BAC-

5703 and Class Zero per AFTO-O0-25-203. Utilities furnished will
be 440/220/110 volt, A.C. 60 cycle power and oil free compressed
air. It will be service with two five ton bridge cranes with 32

foot hook height. The area is located adjacent to _ue main 45

fool factory aisle east of the Final Stage Check Out positions

(See Figure 6-5)

6.3.2   ajor struc es AssemblyArea

The :_jor Structures Assembly Area will contain the _u-_st
Structure, Forward Skirt, Inter%ank, bulkhead and Tank Skin

Section Assembly. The Thrust St_icture, Forward Skirt and
Lntertank will be serviced h_l _O/220/Ii0 volt A.C. 60 cycle

power and oil free compressed air. _nera! factory environmental

control will be provided. Overhead crane service consists of two
15 ton bridge cranes _th 32 foot hook height. This area is ad-

Jacent to the main 45 foot factory aisle, south of the Horizontal
Installation and ._efurbish Facility. The _MLIk_ead and Skin Section

Assembly Area is located inside the :inor Assembly enclosed weld-

ing area ans will conform to Cl_ss "Y" clean room specifications

per BAC-5703 and Class Zero per HFTO-O0-25-203. _220_Ii0 volt
A.C. 60 cycle power, oil free compressed air, and a vacuum dis-

trih,tion system will be provided. Overhead crane service consists
of a 12_ ton bridge crane with 32 foot hook height. (See Figure 6-5)

6.4 ELECTRICAL AiD ELECTRONIC FACILE_

The Electrical and Electronic Fabrication and Assembly Area is

divided into two major functional areasz (See Figure 6-6)

a)
b)

Electrical Fabrication and A_sembly

Electronic Fabrication and Assembly

6.4.1 ,Klectlica,l,, Fab_tio_ and Assembly

The Electrical area consists of three adjoining functional work

areas :

a) Cabllng and :.,ireHarness Fabrication

b) l.ioldlngor Potting

c) Console Assembly

Ull d1_11 4000

6.4.1.1

The Cabling and Wlre Harness Fabrication Area will have the capa-

bility to manufact_r_, code and assemble, cable connectors, wire

terminals, apply sheathing and perform continuity and deaelectric

....... ->-
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) 6._. 1.1 (Continued)

6.4.1.2

(i.e. insulation resistance checks, etc.) for all Stage and

Ground Support Equ_t.

_:old_ or Pottinr. Are_

The Molding or Potting Area will perform potting and emcapsul-

ation of plugs _ connectors and breakout areas of stranded helix
cables.

6.4.1.3 cQn o 

The Console Assembly _ea will assemble, and modify when necessary,

all consoles, drawers a_d modules, including such propulsion

test equipment as the "Control and _nltor Console", "Engine Firing

and Sequence Test Set", and an "Emergency Detection Test Set". Gen-

erally speaking, most of the racks, carts, test sets, and consoles

will be purchased standrad items, modified as required for their in-

tended usage after pre-assembling in the Ila_nic Area.

6.4.2

These areas will consist mainly of steel flat work benches in long

runs each with electrical and air outlets for soldering, drilling,

testing, etc. The areas will be air_cormlltloned, dust controlled

to laboratory eonditions and will be supplied with testing equipment

(circuit analyzer, continuity tester, oscilloscope, ohnm_ter, meggers

etc. ) for in-process test checks.

Elec_ro.n_.,_ Vab_icatlon _nd _semblv Area

6.5

The _nle Fabrioation and Amoembl_ Area will as_mb.l.e all
eleetrcmle eo_ into nb-a.IHNIbl,_I, gemeral_ referred to as

'_od_les" or "Black Boxes". The fabricated and purchased components

used in these assemblies will rsua_e from fabrlcated terminal boards
_nd wire harnesses to more critical ccapo_nts such as resistors,

oapaeitors, switches, relays, mmt-Qonduet, o_, and complete pre-
assembled iten_ Including a_llfiers, _ters, telemetry multi-

plexers, modules, and swltehing clremlts. The assembly of all

electrm-mechanical devices such as rate gyros, linear acoel_eters,
rwolvmrs, and commutators will be _ in this area. Basic oper-
ational checks will also be made prior to sub-assembly or encloamre

into packages. These basic In-process tests will be made on dual

usage test equi_t from the Electrical Area. The area will be
alr-conditioned and dust and humidity will be controlled.

P_W_FACTURINO FULL SCALE MOC_-UF

U] 4_11

The H_M-_p will be a clau III omaf_tle,, full size. hori_ontel.
and _nsist of partial stage devel_n_ loeate_ in the _icho_d

Facility. _he N_ek-_ will serve as a fer_ board for devele_

am_ faba_oatln_ _p_Ision, electrieal and h_drmulic systems,

critical tank contours, component asse_ loeatle_s, and will

implement production tec_ues. _he area will have general factory

i_" 6-_



) 6.5

6.6

6.6.1

6.6.1.1

6.6.1.2

6.6.1;3

enviror_ent, all utiltt£_ and such Iquipmmt as may be necessary
perform the _ of er_ti.g fXLtl si_ pa_tal _.ta.

_he three main _ will be F_or m_nt_d _ _11tm spaced
with re_pect to me mmtimr per prodnction dr_.ngs. Meeha_eal
means w£11 be pr_rkted _ alignment as dic_t_l t_ _.al tooling.
(see F_,.u'e 6-?)

REWORK, _I_X_IFICaTI_ A_ TOOL MAINT_C_ FACILITY

_'d.S fae_tty is divided into two ma_ flmetional ar_a81 (See
nm:e 6-s)

a)
b)

P_m:rk and _i:atlon

Tool Maln_mmanoe

The I_o_ m_ _x___Ic_t_c_ Area

This area is re_tble _r all rework, modlfleation, sad re_ur-

b_b_snt of Sta_ _ _/_ hard--..re. _Is facIAity m_11 have

the caPabL_% _ of _fOz_g functions in the fO21ov_g areas_

f)

Sheet
MachlnAng
Heat Tr-.at
Woedw_._k _ Plaster

_Sz/0SZAuem_ a.d _atnteaan_e

_he _ _.dtag and _artng Area _ have the eapabllAty of
forming, bending and flaring steel and _ tubing
up to _ inches in _ter. _tng will be _ed for
__c, eI.%_ and ehemlcal _,k_ on both Stage and

_eet _ta_ Area

The Sheet Metal Area will have the oapabili_ to modify, repair or
assemble sheet metal ebassis, electronic drawers and details, brackets,

panels, oonsole and s_ strue_ and all other general sheet
metal requ_nts associated with MSE/GSE _ Stage Ha_.

_e M_ahining Area will have full Job shop capability in machining
run.ons. This eapabillty includes general milling, boring, turning,

drilling, grL_dlng, lapping and forming as requAzed to support all

other assembly shops.

•+. m,,.+,,
+ B - _1_II1+ iii
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Fo.6.1._

6.6.1.5

6.6.1.6

6.6.2

6.6.2.1

6.6.2.2

H_t Trot Area

The Heat Treat Area has been restricted to the following capability:

A small heat treat furnace will be provided to age pins, shafts,

bearings, gears etc. for tool maintenance. A larger furnace -WAIl

be provided for aginz Apex Gores and its available time is to be

fully utilized in this task. ":o other heat treat capability has
been provided.

W_dwork and _F_sterFac_

The Wookwork and Plaster Facilit?, _d.ll have the capability of

supplying support to all Factory operations and will be able to

provide for :_nufacturlng Full Scale _k_el requirements. A curing

facility for non-metalllc and plastic materials will also be

provided.

The _L3E/GSE Assembly and _,_int_nance Area will modify repair, mmintaln

_ns support the assembly of F_/GSE equlp_ent, and stage handling
fixtures, i.e. ; Forward Handl£n[ Ring and _tage Jack and Support
Fixtures.

This area is subdivided into +.hefollowing flmctional areas:

a) _achinin_

b) W,lding

_I Jig _re
Bench Assembly

e) Jig _intenance

E_al usage of area and machines has bee_ planned with rework
and modification requirements.

)_chinin_Area

The }_chlning Area will specialize in machining large bulky tool

components and will provide the capability and versatility to per-
form all milling, boring, turning, drilling and grinding required

for maintsnance add modification of Ground Support Equipment and

Stage C_qponents.

The Welding Area shall have adequate welding capability to modify

and maintain stage handling fixtures, MHE_GSE Equipment amd perform

other _elding requirements for support of other assembly areas.

r"'" &,,,¢._
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uI 421!

6.6.2.3

6.6.2.4

6.6.2.5

6.7

6.7.1

6.7.1.1

J_ Bore Area

The Jig Bore Areas shall provide the capability for precision

borlr_ and loeatln_ of tooling holes. The prime responsibility

of this facility will be precision boring of assembly Jigs and
fixtures.

The Bench Assembly Area shall repair and modlfy dollies, weldments,
structural assemblies, etc. This area shall also repair and

modify small contract tools, gages, drill Jigs, fixtures, dies,

press plates, etc.

The Jig Pmintenance area will maintain, service, rework and routine

all floor mounted tools. General factory conditions prevail in all

areas except the Jig Bore Area. The Jig Bore Area has temperature

and humidity control equivalent to Class I Clean Room.

_he Component Cleaning a:_i Chemical Cleaning and Finish Process Shop

consists of four major areas: Valve Clinic, Tube and Valve Cleaning

facility, :_Jor C_nent Clean4ng facility and the Chemical Cleaning
and Finish Process facility. The Valve Clinic and the Tube and Valve

Cleaning facility is located in _he Sub-Systems Test area, near

the machine shop, and receiving and inspection areas. The Chemical

Cleaning and Finish Process facility is located adjacent to ai_ east

of the B_uLMJ_eadWeld Assembly Area. The :t_Jor Component Cleaning
facility is located adjacent to and west of the Bulkhead Weld Assembl_

Area on the 45 foot aisle. (See Figure 6-9)

V ve

This facility has the capability of disassembling and assembling

inoperable valves, regulators, bellows, and other contamination sen-
sitive components as directed by Qualti_ Assurance malfunction

reports. This function will be performed in two major areas: Valve
D_aasembly and Valve Assembly. These areas consist of tw_ adjacent

environmentally controlled areas located in the Valve _quipment

_intenan_e and Special Test Shop of the In-Plant Test Facility.

(See 6-9)

_ C_O_ [I _ Des criI)tlon

The primary function of the Valve Disassembly Area is to disassemble

and examine inoperable valve assemblies and determine the cause of

malfunction. Types of valves to be processed include LOX, Pneumatic,

Fuel and Hydraulic, etc. Detail parts within engineering drawing

tolerance will be packaged and stored. Detail parts requiring

• ., , • .

•I'""
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Cleaning

(See Area ?A. Wi_ure 6-I)

I._oo_c]rlo

Tube and Valve

Cleaning

(See Area ?B, _,ure 6-1)
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Chemical Clean_g

and Plating

(See Aeea 7C. _re 6-I)

Figure 6-9 cal_ZglT cI.UllZI_ AND _DIImmlO PROC_S _'ACII,ZTZZS

ul gtt

.....m' _E #_'8 J'"
....... : ]PAel 6-18



} 6.7.1.i (Continued)

medification or re_Qrk will be dispatched to the _chlne Shop for

lapping, honing, etc. All l_m_rked eompcnamta will then be routed

to the Tube and Valve CleLnir_ Facility for cleaning and packaging

prior .to their return to the Valve Clinic for reassemb_v. The

Valve Assembly Shop will receive valve _nts from the Valve

Disassembly and Cleaning Areas and reassemble them. The valves

will them be routed to t_ appropriate test shop for aeemptance
tests. Both areas of the Valve Clinic will conform to Class "M"

clean room specifications per BAC 570.3 and Class II per A.F.T.O. 00-

25-203 and will be serviced with 220/120 volt A.C. pmmr, o!X free
compressed air per RAC 5703, hot and cold demlneralized _mter, 175°

+ I0° F _:itrogen Gas, and a central vaeuun sy_eea_

6.7.2 Tube and Valve Cleanin_ FacilAty

_io facility will have the capacity to clean tubes, val_. parts,
c_ntaminated valves and other components used in the fabrication,

assembly and test of the S-IC stage and GSE. This function is
divided into two areas: Pre-Clean and Final Clean. These areas are

adjacent with an equipment room, located between the end of the

Pre-Clean Area and an outside aisle in the Sub-Systems Test Area.
(See n re 6-9)

6.7.2.I _ar_tior_l Reuulr_nt_

The Pre-Clean Area will remove oils from all tubes, valves, and

counts by vapor degreaslng per BAC 5_08. All parts contaminated

with surface grease shall be cleaned in the Chemical Cleaning and
Finish Process area before being routed into this shop. A detergent

ultrasonic tank will be used to clean conversion coated and plated

components. Bare metal tubin S and associated components will be
alkaline flushed and ultrasonic cleaned. Demlneralized water will

be used for final rinse and a vacuum oven for drying. An air curtain

will be provided with "pass through" capability between the pre-clean
and final clean rooms.

U3 _I ! e@_

The Final CIc:,_: Area will re-clean tubing, valves, and components

by trlchlorethylene or dezineralized water flush methods. Gages

and transducers will be processed with a gage cleaning console

within the limits of F_SFC specifications _-i00-0 and PC-I050-9305.
After "LOX Cleanliness" is certified, each tube will be wrapped and

routed to an outside aisle. All valve c_q_m_ents will be returned
to the Valve Clinic. The Pr_-Clean and Final Clean Areas will

conform to Class "S" clean room requirements per BAC 5703 and Class I

per A.F.T.O. 00-25-203. All cl@a_Mug aelutions used in the Pre-
Clean and Final Clean Areas, i.e., trichlorethylene, oakite _90, etc.,

will be filtered to a I0 micron particle level. Beth areas will be
serviced with i15/220/_0 volt A.C. power, a central vacuum system

oil free compressed air per BAC 5703, hot and cold demineralized water

and I00 PSI missile grade air. In addition, the pre-clean area will

have a 208-230 volt A.C. power.

I



6.7.3

6.7.3.1

_3or _nent Ctean_ _+_

This facility _ clean and conversion coat bu2kheads, skin sections,
and "Y" r_.gs prior to _I tank as_mbly. (SeeFi_--e6-9)

F_nctional _ DeacriD_on

The Na_or C_ponent Cleaning Facilit_ _ be 40 foot square by 20
foot high enclos_e tith stainless steel walls and ceiling. It

will contain an automatic cycling spraying system capable of
thoroughly spraying ccmponente with requ_ cleaning solutions.
Five holding tanks equipped with recycling filteT systems will be
provided in the cleaning area for trichlo_thyl_e and alkaline
cleaner _er BAC 5765. a _nversion coatir_ solution (irrid£te),

and alkaline etohlng solution per BAC 5786, and a deswattlng solution
p_ _c 5?65.

Assemblies cleaned in the _aJor Component Cleaning Faeillty will be

_ed to the cleaning chamber on a dol_ t_h a 20 foot by _0 foot

door from the 45 fOOt aisle. Rut_r shields and _al des_
spraying systems of one one 5o four spra_Tin z ?_eads will be _ to
minimize the excess spray field.

Each clean_ solution will be pumped from its storage +_k thaw_gh

a line heater and sprayed on the object to be _ at a pressure

Of 80 PSI. A sump in the middle of the floor _ill return the
solution through a filter on the line to the holding tank. Between

each cleaning operation the spraying System will be purged of the

previ_s solutlon, ar_ the part and area ar_ it will be rinsed
with demlnerallzed water. _he rinse water _ be routed into a

chemical waste drain in the smsp. Air for drying the conversion

cOa_Ing will be _e_ from the atmosphere, filtered and heated to
180" F.

..>..



7.2

I_TRODUCTIO_

All parts or cQmpon_cAs defined by tss¢ requirements in the makeup

of the S-IC Stage must be tested to ensure functional integrity,
_se parts _a_ be sup_ by vendors, by _ _ aanufacturing

operation, or by GFE. Sub-system and systems Nhlch are made up

from parts and components must also be tested for functional in-

tes_Ity during various phases of the manufaeturing operation. A
final test of the _leted S-IC Stage or completed GSE ehe_s total

funotional Intog_ity before the vehicle or G_ iS shipped from the
Hichoud Plant.

S_Y

All Inpla_ Test activities are confined to two test areas: A Sub-

system Test Co_plax and a Stage Test Complex.

_he Sub-System Test Complex, comprised of nine (9) general areas, has

the oapabillty of testLu_ oompone_ts, parts, sub-assembliss, sub-system,

and system_ of Sta_ and C_E/F_E to ensure that acceptable hardware is
installed. This includes electrical, electronic, mechanical, and

hydraulic flight hardware and ground support equipment. The area is
capable of testing GSE/_SE at the rate of o_e set per month and S-IC
Stage hardware at the rate of one vehicle's worth every six weeks.

The Stage Test Cimplex is co_ed of four individual test positions
_ich are served by two (2) sets of automatic test equipment located

in a three story test center at the forward end of the test cells.

This area is used to perform tests on the eompletel_ assembled S-IC

Stage in order to demonstrate that each part is oapahle of meeting

its design requirement in conjunction _ith other systems. The Stage

Test Complex has the capability to test one complete stage in three
(3) months ineluding time for necessary test equipment modification

and periodic calibration.

The doeumentation necessary to accomplish _he testing plan consists of

test equipment design, test and calibration procedures, test planning,

and end item test data and reports.

Test equi_ deelgn required to perform Level V and _I _nplant

testing of _I_ and Stage bax_e is prepared, released, and

_alntained by the Inp]_t Teat DepartaBnt,

Ua 4_t!
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Test proveduro8 are do_nen_d for all vendor fata_oaated oomtmv_ts,
all _tug f_tted Stap and test eqffitps_t oo_mnentSo _ pur-
chases test equipment _ uh_h are not stsuda_ off-the-.-he3_
_tem, and all _xq_etod test oonsolu, elnd_ and meim or poz_e
equ54mont if not purahued _ off-tho-sbo_ tlmm. _lt_mattm
p_uroe are docmumted for Stage tns_uneatatS_, _tton and
Qheak out of each test starts, engino and Stage __. Ca_t_on
prooed_oo are also do_nented for all tost equt_puont e_pt
off-_shelf _+_ms not installed in systems of test ommoles, esz_8,
Or Faoks,

Test planatng _ issued in aooordmsce with the Boe_ ,_ boo_
• ystem to all test areas %o perform test _ttmm from the part
level through the complete_ assembled G51/_ and S-lC Stages.

At the ooncluslon of a test on a ooupleted end _t4m, and end-it4m

data paokago is assembM oovering the operations performed on the
end item _ it is under _plant test _outrol. _ paoka_ oon-
sists of a report uhich includes tndentt_ricat_on of the test period,
_hiele weight and center of gravity, optical altgrmmt problems en-
oountered, oomctive a_ taken, pend_5_._ oorrecttv,, actlons (t_.
complete tests, etc. ) _ supplemntary information in the ferm of
cosputer print o.ts.

u9 4_tt! 4000
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?.3 AREA LAYOUT CHARTS

Layouts of the Oenaral Area used by Inplant Test for Subsystem
Test and S%ap Che_out are indicated on Figure 7-1 and Figure

7-2.

DI%ailed Layouts of each area are included in Sectlon ?.4.1,

Subsystem Test Complex and Section 7.5.1, Stage Test C_lex.

U! Ull
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7.4.1.1

?,_.I.3

SUBSYSTE_ TEST

_Subsystem Test Complex

The Subsystem Test Complex will have the c_pabili_ of testing

portent parts, packases, and sy_ of the S-IC Bs_ster to Insure
that a_eptan@e _ _ be _._talled. _ M_ eleetrleal.

electronic, m@har_eal, and B_Lra.llc _t baz_w_e and

support equipment. _ Subsystem Test _ is divided Inte

_al areas as indicated on the layer of tb _ten Test Area.
n_.re 7-3).

These general areas include, The maglne Test ai_ea, the Klsctrleal/

Electronic Test Area, and the Pneunatlc Test Aren, where reutlze

testing occurs. Support activities oecur in other areas _hlch
include, The Pre-Clean and Final Clean Areas, the Test Staging

Area, the Material P__ew Board Area, the Equipnent MainteMace and

Special Test Area, and the 0fTiee Area.

The Engine Test Area consists of five test locations as indleated

on the Test Area layout. _he total area is 13,_0 square feet.

(See nc_re ?-_).

The _gine Airloek _1 be used for eleaaing and _.ien of eaeh
engine received. (See Figure 7-?). The Ae@eptan@o Test Station

cerises an area of 2,_8 square feet and will eentaln pa_lens

for perfm_ing aecep_anee test of the engi_ and P_t,d_nm-
fu__ assoelated equipment. (See Figaro 7-8). _be aligramnt
test station oozes an area of 3,_O squar_ feet and will be
utilized to perform test_ of system on the built-_p en_ The

Hydraulic Components _e_ station eels an area of 1,288 square
feet and will be used to test aet_'e and ar_ a&lA_ _raulie

c_ents. (See _ ?-10).

Elactricai/Eleetz_nie Te_t. Area

Electrieal/Electreaic _st Area consists ef f_r speelfled areas
as inAteat, e_ on the test area layout. Total area is I0,070 square

feet. (See n_,.re 7-I_).

.............. I_''.r 7.6'
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ENGINE SYSTEM TEST

• NOMENCLATURE

STATION

t ELECT/RMEUMAT1C C/O CART (if)

G. = ENGINE SIMULATOR (l)
S RIGHT INSTRUMENT TEST SET (9)

0 4, I_EL_'Y_I'EM -PNEUMATIC FLOW MONITOR (_)

0 S OXIDIZER _-PNEUII_tTIC _IIIONITOR. (2)
0 6 HYPERGOL _$TEM ° TOOL KIT (_)

'7 TEST I:_.IITES o KIT (I)
8 THROAT PLUG (I)

HANDLING EQUIPMENT

9 3,OFT. LIFT ALOFT
tO ENGINE SUPPORT STRUCTURE
tl VERT ENGINE WORK PLATFORMS

BOEING EQUIPMENT

12 HYDRAULIG TEST CONSOLE

13 $ERVO AMI:_JRER & RECORDER SET

t4 HYDRAUUC CALIBRATION CART

(z)
(i)

uI 4211 4000

L

• SUITCASE TYPE
I ii. I ii ii I

1 ' tt i .to_.- . L_ .1Ol
•
_" "_t___.L__d I

8

4-B,6

8 /® ,
_-,_ _ _ i_¥_ 1 !-_-_

3240 SQUARI; F_ET
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AIRLOCK

t
m

GFE
I. ENGINE ROTP_TING _LING (I)
2. ENGINE PROTECTIVE COVER {1t
s. DOLLY STORAGE {I)

H_NDLING EQUIPMENT
4. ELECTRICAL HOIST 15 TON CAP (I}
S. HORIZONTAL WORK PLATFORM { I)

I_GURE 7-7
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7._.I._

(Co._)

eta_ unmbl2u. In addition, _ Lea vLU oonta_ the

on tile Detailed _ 11_out. _he total l_m_at.io Test A_a tll
_,888 square feet. (S_ P_ 7-16.)
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PNEUMATICTEST CELL

II 1

3_I. _U&RE FEET

I. PNEUMATIC CONTROL CONSOLE

z. PNEUMATIC TEST BENCH
3.TEST BEtH
4. WORK BENCH

FIGURE 7-17
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7.4.1.5

(Centinued )

The Pneumatic Test Station contains equipment r_u_Dd to _uncttonal_
test Stage and C_ pneumatic cCmponemts. _ area comprises 1,428

square feet. The equipment layout is indicated in Figure 7-20.

The Pakcaging Area will contain equi1_e_ and tables necessary to

adequate_ package components tested in the Pneumatic Test Area.
This packaging area comprises 468 mqmare feet. The equipment layout

is indicated in Figure 7-21.

?he Pneumatic Test Area will be activated March i, 1964.

_ste= Tes_ Su_Doztin_ Areas

There are six locations included in the Subsystem Area L_t _Ich

are utilized for performance of support functions.

The Pre-Clean and Final Clean Areas are utilized by Boeing Manufac-

turing to clean stage mechanical compon_ts prior to test or asse_a._.
_nufacturing is responsible for area requirements and equlpNmt lay-
out for these areas.

The Test Staging Area comprises 5,560 square feet utilized for

receiving, storage, and shipping of components reared to the Sub-
system Test Comples. In addition, the Test Staglng Area contains

the Subsystems Test Instrument Crib. The equipment layout is in-

dicated in Figure 7-22.

The Material Review Board Area will comprise 616 square feet
utilized to hold components having a test discrepant7 until review
by the MRB is co.feted. _e area layout is indicated in Figure.
7-23.

The Subsystem Technical Support Office eomprises 3,600 square feet
consisting of two confrence rooms, five offices, an an open

office area, containing approximately 40 desks. Be area layout

is indicated in Figure 7-23.

The Equipment Maintenance and Special Test Area will consist of
mechanical and elect_ _Bneral laboratorise, the function of

_ich is to perform s_ tests on OS_ and Stage cements

_hen required. In addition this area includes space for valve

and component disa_e,,b_ and a _ e_ fez- miner ,uintenanee
of subsystem test equi_ment and fixtures. _ area comprises

2.895 square feet.

The equipment layout is indicated in Figure ?-25.

These Subsystem Test Support Areas will be activated on March i, 196_.

-->-
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PNEUMAT!CTEST STATION
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_ELIN_.,ATI£FL_K BENCH (3 )
Z.PNEIWiATIC.FLOW BENCH (1)
z.AN,H.Y$1S TEST I_NCH ( 1)
4.V6,CUUM OVEN (_GE) (I)

S,VACUL_ OVEN (SMAJ.L). ,( 1 )
6. ENVIRONMENTALCHAM_R .( l )
1.WORK BENCH,. (_)
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PACKAGINGAREA
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SPECIALTEST
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I ELECTRICAL BENCH
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9 POTTING OVEN

nOmiae ?.2,_

I "'°" ?.31



?._.I.6 In_im .Test Area

The Subsystem Test Area complex will not be activated until M_rch i,

1964; an Interim Facility supports ear_7 testing of 0SE and Stage
Components.

_l_e Interim Labaratroy consists of three test cells, two control
rooms, two heat exelmnger rooms and the Pneumatic Test and ILXX
Cleaning Vans. These areas will be uogd to test GSE and stage

components "_atil the Subsystem Teat Area is activated.

Subsystem Test F_uimmnt

Installation of Inplant Subsystem Test Facility Squipment will be

performed by direction of the Facilities Department in accordance

with Inplant Test Facilities Requirement releases. This equipment

installatian will be complete on March i, 196_, vhen the Subsystem
Test Facilities are activated.

Checkout and Calibration _ faeillty equipment _ be performed

by Inplant Test Operations personnel under the directions of the
Inplant Test Technical start utilizing test station checkout and

calibration procedures prepared by Z_plant Test P--rvcedures _up.

Standard commercial equipment ,hlch is .a part of Faoilitlea Zquip-
ment will be routed _ the Callbratlon/Certificatlon Laboratories

of Quality and Reliability Assurance Department for individual
calibration before the test station is checked out and calibrated.

Installation of Znplant Subsystem Te6t Centraet Equipment will be
performed under the direction of Znplant Test.

Checkout and Calibration of contract equipment will be perTe_
by Inplant Test Operations personnel under the Inplant Test Technical

Staff utilizing cheekeut and calibration procedures prepared by

Ir@lant Test Procedures 0roup.

Standard ocemercial equipment which is a part of Contrast equipment
will be routed to the Callbration/Certiflcation Laboratory of

Q_ality and Reliability Assurance Department for individual calibra-
tion before a test station is checked out and calibrated.

u_ _11t 4o0o
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7.4.2.2

7.4.3.2

_.r_ _t _u_t

The test equipment for use in the Interim laboratory will be, with

few exceptions, standard commercial equipment, purchased by Facilities

Department. It _ require _ installation, _is equipment will be
routed _agh the Callbration/Certlflcation laboratory of the Quality

and _eliability Assurance Department.

Checkout and Calibration of the DGX Cleaning Van and the Pneumatic

Test Van will be performed by Inplant Test Operatlon_ personnel
under the direction of the IPT Procedures Gronp.

_-s_, Test Ooeration

_or_l Hard_ar_

Equipment will be received in the Test Staging Area. Records control

and inspection will be performed prior to shipment of the parts to
+.hetest area. _he functional test of tkm hardware will be performed
in the test area and will vary from item to item. _he basic test

operation will be standard for all items regardless of teat. Test

Operations will perform all functional testa. Quality Assurance

(4-_O00) will survey all tests to insure proper techniques, esrr_ct

procedures, calibrated test equipment, etc. Be Technical Staff

will monitor tests to Imsure no problem areas arise and maintain all

planning paper. Program 4k_trol _ prepare schedules and progress
reports on tests and test stations. Parts _hleh pass their functional

test are sent to the Test Staging Area.

Flow charts illustrating the flow of hardware through sybsystem test

are shown on the following flguress

a) Figure 7-26 illustrates the flow plan for handling GSE/MSE

and Special Tooling used in subeyntea test.

b) Figure 7-27 illustrates the flow plan for handling flight
b_ and other eoupenenta in subsystem test.

c) Figure 7-28 illustrates the flow plan for handling GSE in

subsystem test.

Abnormal__ Flow

In the event of the failure of a part through its _mctlonal test,
the following pr_ure will be £ollowed. (See Figure 7-29).

A representative ef the Technical Staff group who has
responsibility rex. this part will be eoatacted first. He will

evalhate the malfunction and preseribe a retest. Re will then notify
the Reliability Group.
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7.4.3.2 (cont n  )

Bngineering _ be contested if investisatAon of the part rema/_
a problem of which they shov/d be amirs. Normal_ no atti_
be made to rework small inexpensive par_. Test stats and more complex
items _ undergo _ as reeclmend_ by the _ e_+.ion
by the affected _.

?._.3.3 I_e_att_n for

Parts that do not re_a_ packa61ng in a _lean envlrom.ent will be

sent to the test staging _ after suceess_ e_ti_m ef
required functional tests. Parts requiring processing in a clean
envirorment _ be paekaged in the pr_er area a_ a.eeessf.l

completion of the fUnetioztl tests before being ferwarded to the

Test Staging Area.

Re_a Control will thee _eok the aceom_ar_Ang _per work to

au-_re pr_ dL_ei_ of tMe part. Part8 not _ packaged.
be vaeaum m_. Naled. _ _ed _a a emke _ eo.talaer

required _ ins_ _ inteerit_ of the _ p_._ to _:_._tAon
in the next _A_ m_. _ reeor4_ _ _ _ _m be sent
to a _ Control Area "_l_er_ t_e_ _ be stored until needed.

STAR _ECKCUT

7.5.1

_he Stage Test Ccmpl_ contains four adJacemt stage test cells and a
three story operatiom _mter. The operatimm eentar is divided into
smparate rooms ho_sing equipment add offices required for stage test

four areas designed "A", "B", "C" and "D% (See _ 7-30), The

fe_g is a listing of the test cell and ream located in each area:

 mm.A

Cell A

Control Boom A

*Telemt.,'y Boom _.B

*_z,puter Roam A-B
_erenee Boa,,

Temhnieal Staff Off_¢_ _
Test Opemti_ Off_ee _em

Cell B
Control Roam B

Telemetry Roam A-B

Squtp,,,ent A..B
_eal Staff Of flee Space
Test Opera_ Office Space

&ma_ 

CeLl C

Control Rom_C

*T_%ry _ C-D

*_te_ _ _-D

Teeh_cal S%aff Offlee S_ce
Re_ork Roem

Cell D

Control Room D

_al_etry Room C-D

C_tor Room C-D

Equipment Room D

R_rk m._

!

,,,m.m !"'" , ,,
I""" 7-38
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/ 7.5.1

7.5.2

7.5.2.1

7.5.2.2

u1 aa__I"4000

(Contlneud)

*Telemetry Room A-B services both area A and B.
*Telemetry Room C-D services both area C and D.
*Computer Room A-B services beth area A and B.

*Oomputer Rm_m C-D servloes beth area C and D.

(See Fi_are 7-31).

C,ses n_._ 7-32).

_ additional Computer Rooms are _nder ¢c_jiderati_n for inclusion

__thin the Operations Cen_r. If these requlremant_ become firm,
they will be located on the second floor in areas "B" and "C". Then

C_ter Room A-B and C-D will be redeslgnated A and D respectively
and will ser'_oe areas "A" and "D".

The Stage Test Complex facilities will be cc_!eted in two phases.

Areas "C" and "D" will be completed P_ I, 196_, to allow early

Engineering evaluation of the MSE. A eas "A" and "B" will be
completed August i, 1964 to allow ins_allatlon, checkout and cali-

bration of the F_E to s_rt testing of S-IC-F.

The Facility co=pletlon date is the date construction and facility

services are e_lete and the area is ready for equipment install-
atlon.

_asta_tlon of S_age Test _ulament

All subassemblies will be functional_ tested in the Subsystem Test

Area prior to installati_. After passing the functional test, sub-
assemblies will be installed in system racks located in the Stage

Test Complex. _ will be accomplished per released Engineering
_rawings.

Facilities Layout Engineering Drawings 50-1-1-180 and 5-1-4-179 pro-

vide layout of the equipment within the Test C_ Accessibility

for maintenance and calibration shall be a prlm_ eonslderatlon in
the location of this installation. (See Figures 7-3_ and 7-35).

The main cable that runs from the stage and GSE equipment will be

routed overhead to the operations center. It will then be routed

to the test equipment through false flooring. Cabling ducts _ll
carry the cables between floors. All cables will be routed per

released Engineering drawings.

The computer main frame, peripheral equipment and software are GFE.
Responsibility for the installation of this equipment has net been

defined. Installation and checkout information concerning GFE
equipment will be added when available.

Checkout of Sta_e Test E_ui_mnt

A continuity and isolation check of all cabling installed in the

Test Complex will be performed to ensure that all wiring configura-

tions agree with released dra_ngs.

.B  'M.m 1"o- ._.>,..
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7.5.2.2

7.5.2.3

(Continued)

Systems referred to in thi_ paragraph are as follows, Test

Conductors Console, Digital Data Acquisition, Intesrated Analog
Orou_i Station, Power and Signal Distribution System, Test Sets,

and Computer.

F_r systems checkout, the control of the system will he at in-
dividual test stations. Individual systems ,.,st be operating

properl_ prior to an integrated systems tes_. Input and output

parameters of each s_tem will be monitored to e_ure successful
integration with other systems.

All remaining _E interconnectlons will be made when each system

is operating independently within the required specification.

At this time an integrated systems test will be performed, using

a Ground Equipment Test Set. (This provides simulation of an
S-IC Stage). Individual systeas will be controlled by the Test

Conductor's Console through Co_puter progranming. This test will
assure compatibility of all G6E.

Calibratio n and Qnalificatio n of Sta_e T_ _ui_ent

The final cal_tion will be performed when all tests satisfy

design requirements. This calibration will consist of an over-
all reoertificatlon and calibration of all MSE/GSE. This calibra-

tion will serve two purposes. It will revalidate all previous test

results and provide current calibration during stage test.

A qualification test will be performed after final calibration.

The test will consist of a ccmplete_v autmmated test of a flight
configuration stage using established document procedures. The
first flight configuration stage to he processed throu¢h the Stage
Test Complex will be used for qualification testing.

Test Equipment for Stage Test Area "A" will be delivered starting

July 23, 1964 and continuing until January i, 1965. Ins_Llla_on
and checkout will begin August I, 1965 and continue u_ntil March I,

1966.

Test equipment for Stage Test Area "B" will be delivered starting
July 23, 1964 and continuing until March i, 1965. Installation

and checkout will begin August 1964 and continue until April I, 1965.

Test equipment for Stage Test Area "C" will be delivered starting
Y_rch 23, 1964 and continue until August I, 196@. Installation

and checkout will begin June i, 196_ and c_ntinue until March I,
1966.

u:l 421! 4O00
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7.5.2,3

7.5-3

7.5.4.1

(Contlnued)

Test equipment for Stage Test Area "D" will be delivered starting
:._rch 23, 1964 &nd continue until February 7, 1965. Installation

and checkout will begin June I, 1964 and continue until August I,
1965.

Sta_e _portat£o n and F_i,n_

Movement o£ the stage from the _nufacturing area into the Stage

Checkout Area will be acco_Isihed with the Transporter and the
A-2 Euclid Keeled Tractor (Prime Mort). A move coordinator

will be assigned the responsibility of directing transportation.
Stage walkers will be utilized to observe stage movement and warn

coordinator of any obstacles or troubles. _.;_ement of the stage

will be coordinated by use of transreceiver type communications

equipment available to both transit operators, prime mover
operator, stage walkers, and the move coordinator.

The prime mover will supply electrical and pneumatic power to the

stage transporter durLng all moving operations.

The transporter Heels have an angular steering capability of plus
or minus i00 degrees an_ can be operated by parallel or Ackerman

steering. These operations are oontrolled by either transporter
operator.

@aide lines will be painted on the stage checkout floors for the

transporter drivers to follow in relation to a Stage Positioning
_lide Pointer adjacent to each driver. Cress lines will be located

in each test cell to determine the depth of stage penetration.

Due to the location of the entrance doors in cells 1 and 4, the

stage will enter one side of the cell, and will require centering

in the cell by angular movement of the stage ever predetermined
route.

A straight in approach will be used when moving the stage into test
cells 2and 3.

Proparation for Test

All GSE and Stage substitutes will be connected and checked for

proper operation prior to installing the stage in the test cell.

:_ch item will utilize built-ln, self-check provisions to check and
report on its own condition. A GSE checkout program will then be

used by the digital computer to determine if the over-all stage test

system is functioning properly.

UJ 42_ _0_

.o. D_-12_61

,.A., - 7,,N7



7.5.4.1

7.5.4.2

For Post-Statlc Tee+s, prior to arA during the period of re-
furbishment, the records and the results of the Static Test

Firings _ be reviewed to detendme if any new post-statlc

tests are required. A@ditlonal procedures, if required, wl/l be

prepared by the IPT Procedures Qro=p.

The aeceptabillty Of the booster is assured by deaonstrating

the proper operat_ of meehanlcal and electrical syste._, proper

in£erfacee between systems, and between the booster and upper

stage to S-lC wlring harnesses.

The sequence in which these tests will be conducted is shown in the

flow diagram in Figure 7-35. _hls is a tentative sequence formed
by placing _ prerequisites near the beginning and estimating

the best order for the remaining tests. Revisions will be _de

as required prior to and during Stage Checkout. Most post-static

tests are identical to pre-statie tests.

J
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_ TEST PL_gING7.6

7.6.1

?.6.1.1

7.6.1.2

7.6.1.3

Require_nts to as_re availabLYity of the _ eq_ to
perform varie_s _ of test in aoeordance _.th soh_ul_ test
_tes.

.levels V and _ Test __

IPT Planning _ _ review test lzrocgdur_ for 14vals .5and 6

tests to determine tooling, special test equipeemt and spare require-
merits, and initiate procurement action for am.

IPT Planning Qrc_p will negotiate with F_L_ufaetaring for fabrieatAo_
of requirod equilment, and if support ts ommitted° initiate neeeu-
art planniv_ and release orders as required.

If Manufacturing oannot 0upp_ the neoeuary support, negotiations

will be initiated with PatL_lel for outside production sup_. If

outside production _taent is ccmpatlble with program requlre-
ments, the necessary authorization will be released %0 Materiel to
proceed with procure_nt.

If _mufaeturlng and Materiel both fail to support program require-
ments, _ Englne_Ir_ Devel.pmnt Support capabilities _ be
investi@ated. Planning will be initiated and orders released as

necessary to the Engineering Dovel_nt labs for the fabricatlen

of equ_t and tools. Partial support my be required from
F_ufacturlng and/o_ _ateriel in order to couplete the equip_t
schedule. _egotiatam_ for such usistance and release of the

necessary _ or auth_rizatione will be _he m_slbili_ of
the Test Flann_r auign_ to the eq_t in question.

Procurement or fabrication _f Levels I, 2, 3, and _ test equipment

and test fixtures is a bulc Hanufaoturlng responsibility. The
Test Planning _rvup will, however, aonitor progress in order to

be aware of potential proble_ areas due to behind eehe_ale equip-
merit or delivery at' equipmnt not cvepatible _ith flisht hardmre
configuration.

B 0 _IFPNm



7.6.2

7.6°3

Planning for cheekout, calibratAon, and _e_Iflcatlon of QS_/MSE
test equipment _11 be initiated and mintained _ the L_l_t Test
Planning Oro_ in aee_anee with prc_isioas of D_..I.I.5_, tbaos'ds

812.1, wInplant Test Saturn _cerd System."

Planned _ and re-installation of oo_xments of the item being

tested in order to properly perform the test will be a part of the
original planning paeka_. Removal for repair or repla@_ant of
co, q_aents and subsequent re-installation _ be recorded on a Re-
installation and _ Reeord in support ef an Unplanned _vent

Cm ).

The Test Planner will ascertain that teat squat delivered for

checkout is up to latest drawing eonflguration and that teat _e-

cedures are co_atible. Design chanses not incorporated at tim
of delivery will be inoorporated by _plant Test Support Shop in
accordance with Change Re_ _malttee cowaltments and planning

initiated and released by Ir_lant Test Planning.

Test Procedures _Ich are not compatible ulth equipment configuration

will be brought to the attention of the Inplant Teat Procedure

Oroup Engineer for necessary action.

Calibration and Certlfleatlon Orders for initial, perledieally
scheduled and non-scheduled calibration and certification of

instruma_ts and test equipment will be released by Inplant Test

Pla_ng.

Planning requir_ for the aeeomplAshment of Inplant Functional
Testing, Calibratlc_ and Certifioatlen of Stage and _S_ end items

and cemponenta will be initiated and maintained by the Inplant

Test Planning Oroup in aceordaaee with provisions of D5-I1593. and

Inplant Test Standard Operating lustruc_ton 812.1.

Plamned re_ and re-ins_llatAc_ of e_m_ta of the item being

tested in order to proper_v perform the tests, will be a part of

the original planning paekap. Removal for repair or replacement

of components and subsequent re-installation will be reoorded on a
_s-lnstallati_ and _msval _eord in _ of a UER.

o o Ar#_o [_.
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) ?.6.3

_he Test Planner will deteraine the eo_tion of item re..

quiring test and the _at_btli_ w_th a_Ntated teat equipment.
0ata Central _nfipmti_ status of _ to be re, ted and ef

test oqu_ to be used, as _ as d_r_ @_ _m@oz1_.at4d

but not recorded by l_a Central, _ be used to sake this deter-

• inatien. D_s_elee _ be ra_l_d _ _mordlna_.o_ _:Ith .
_nslble or_isatlons prior to t-.lease e_ test o_s.

Ccn_tibili_y between Teat ProceSses, arti_ requiring test,
and test equtpmnt _ be _tm.zin_ _ the _ Plantar. In..
compatib_t_es _ be z_ef_dd _o the Test Pro,._dures Oro_p for
necessary action.

Calibration and Certifieatisn ardors for inAtial, periodic and
non_soheduled _tion of Stage inJ_ntation and OS_,
under the oontrol of Inplant Tests, will be released by the luplant

Test Planning Oroup.

Confieuration and Acc_nta_llAt_

_e coition of Stage h_. and test equip_nt, while under
Inplant Test Departaent Jurisdiction, will be oontrollmt t_ _e

Test Planning Orem_ through the Saturn Peoord _tom (SRB) and
engineering drawings. Drawings _ describe the cenflguratlen

desired at the particular point in tim. _ S_S will describe the

actual configuration at a_ point in tim. Configuration forms of
the SRS will, upon request, be rc_ted through the lnplant Test

Data L_aluat_on and l_abtlity _up to be p_ogramed into the
Data Central Computer, _h_h @an print out aet_al design _m_tleas

of all test sta%Im_. T_e _glaeeri_ De_nt has the ove._-all

responsibility for design and _onf_guration _I of stage
and test equip_nt _ree_ the release or _ and do_.

?he actual configuration is the reepc_sibil_ty e_ the or_ani_atio_s

that fabricate, zodlfy, and repair the Sta_ bar_ and test
equipment through their planning paper. _brk aoee_llshed per the

planning paper will be approved by Quality Reliability Assurance

_sc_l assigned in this area.

_he accountabili_ of Stag_ hard_are, teat _%. or ar_ item
assigaed to Xr_t Test will be oontrolled b_ the Test Planning

throuzh the Saturn _eord system and __ _.
/

The _agineerlng Deportment has the respons_ility for providing

dra_Lugs and documents descrlb_ug the components, sub asse_blles,

asse_lles and end item _hi_h are necessary t_ meet oontractual re-

qulremnts.



J

The }_m.faeturX_ affort is controlled by docments, dXrect.tvu,
proeedures, status reports and sehedalu. _.s include those

of eontraet_l (NASA) and nen-__ (Boeing _term.1) natare
mmomlm_m{ plans and sob_lu:_,, speeifieations, t.ehnical pro_-
dures, lists and indices, and __mtlvl and to__ reports.
ghe .Beelng Saturn Records Station controls docuaent issuance and

nafntains a peraanont _ of all doeuamts and procoduree.

Directives provide _anasewent dlreetAon to the Kanufaeturing effort.

Procedures document agreements concerning continuing activities.

Status reports are used to keep m_agement inforRsd of F_aeturing

progress and areas of ll'llillMS1 _mpaet, Manufacturing schedul_
serve as guides for tool and hardware fabrioatlon and manufacturlng
suhassemb_y and assellb_y operations.

Ma_faeturlng change activities are controlled by the Change Review

CoBittee whleh deteralnee the _=past of changes on the _rmfae_r_
Plan and schedules as _iI as required action to acec_te the
change.

UI 4g111
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8.2

8.2.1

8.2.2

8.2.2.1

8.2.2.2

8.2.2.3

CONTRACTUAL__TS

The Boeing C_pa_ is required to _ _ w_th _ oon-
traetual reports _ioh are p_i_ril_ conoerned wl_ si_ifioant

progrus, problem areas, dela_ and po_ial deh__ya, and pre-
lim Inpac_ or po_'ntlal provam iapact itms. The Operations
Depar_ent ao_rd_ wast provide periodic inputs for lneor-
porat_m with_.n the following contractual reports:

a) I_en II Mont_3,Procrees _po_

c) Quarterly Technical Fro_,essReport
d) Ann,ml 1_port
e) Bi-Wee_.1,7_T Ana1_Is 1_port

,Item _ _nth_v _b_r_sa _r_r_

Th_ report _s _on_ ,,_U_ s_s repo=*._ on Work mre_t_ve,
(TL's) for Contract _ 8-2_P7 (It_ _).

This report contains information not only on current work activity
but on projected activities for the forthcoming reporting period.
_hen feasible, this report will be incorporated within the Quar+_r_v
Technical Progress Report. Basically the _nthl_ Technical Progress
Report _ i.cludethe followln_,

D_r_nta! Hi_hli_hts

A suna_ of highlight activities, both of technical and administra-
tive nature.

Technical Pro_ess

Included will be status charts depicting acco_llshaents, sehedule

slides, etc.: explanatory data re_ardlng behLnd schedule items
or _anhour overruns; significant depar_ntal aetlvlties, Includln@

a_pliflcatlon of departmental hlghli@hts; slgnlfleant fa_ts, changes

in plans, _r trends affecting or _ affecting higher levels

of aotivity.

Included will be onl_ major technical, 8ebeduling, or administrative
prob_es_ confrontin_ the department requ_-_ng a decisio_ from a
higher level of authority involvi_ _ASA

. ,, u.-.,v- .... ->-



8.2.2.4

8.2.3

8.2.,.

8.2.5

Predictions _11 be _de for a short range period on.l_, wlthln

the year. ¢onc_uslonm w_ re_Aeet the Operatiens _nt's
curretn ixmlt.i._ _ the (_rerall prOl_'am. _Lu¢lud.i_ a brief
evaluat.l.o_ef same.

This serves as Boe:Lng's official record o$ quarterly achieve-
ments by mh_,ch NASA makes a deferrer%on and evaluation of
Boeing's stat_s and a_alaliak_nts. Iafer_tion reflected
within this report is esmentlal_ of the aame natu_w as con-

tanned w_thln the _ont_v Teehnlcal PreJreu Report.

This report, published at the mld-polnt of the year, is aimed

at presentln_ to MASA an historical record of ace_lishnents
of a poslt_ve nature oo_ during the r_rtlng period.

Charts and pictorial aoverage are required to substantiate
the narrative portion of the report. Problem areas will be

cove_ed pr4_ in the light of actio_ initiated to resolve
them. Also _ao].ud_ will be forecase information of a signif-
icnat natu.ws for the forthe_ twelve month period.

This rep_ issued every two milks, depicts program status

through utilisation of the PERT technique. The buls of the

report is a c_ter run refleotlen _letions, deliveries,

delAqeemeleo, and eritAcal iteM. _he r_port _ an ana_Is
_f the employer run, pelmr_ly _ with _ se_m_le
conditions and w_rk around methods or other measures initiated
to allev_te sam.
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8.3.2

8.).3 _

BO_NG INTIRNAL DOCbRENTATIC_

The document control mystem re&relates the issuance o_ all DS-
documents, assuring all neh deements are properly numbered
and do not d_ltcate extstL_g documents, have a_rovals
consistent with the level of the material documented, and are

properly @lazeified as to seQ_a_ity. The Boeing Saturn Records
Station is the agency for i_lementing documemt control as well
as providing additional copies of all published documents.

Management utilizes directives as a method for providing effect-
ire direction to subordinate levels. The management directive
nomally deals _th areas of non-continuing activities, admin-
istrative type direction, or with slt_tlons requiring _ediate

direction. The latter type management directive i8 superseded
by an operating procedure as rapidly as possible.

C_erat ln__ Procedures

Operating Procedures document continuing manufacturing activities.
The inter_organizational operating procedure contains agreements
bet_men Manufacturing management and managers of other organi-

zations o_erning continuing interface activities between these
organizations. The Standard Operating Instructions (SCI) are
used at a lower organization level to issue detailed instructions
to the individual or group of individuals on specific Job
responsibilities and duties.
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8.4 SPECIFICATION - N_ASA HGII_XNG STANDARDS

a) _A EaZi,_er_nzS_
Maznml Volume fl

_e

_fines Mechanical Standard Parts

b) NASA Engineering Standards
_aal Volume #II

DL_ines Electrical Standard Parts

Manual Vol_.w#III
Defines Design Standards

d) NASA ma_L_eerlr_ Standards

Vanual- Appendix- "A"

Tabulates inactive, superseded
and cancelled AN and AND standards.

U) Ul I 4QO0

0 0 dr#_O [No. D5-12561
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8.5

8.5.1

8.5.2

8.5.3

8.5.4

BOEING SATUR_ ___ SYS_

A contractual requirement to provide a composite record of events

that occur during the fabrication, testing and Bunching ef the

vehiole requires i_m_intation of a single rev_d system for use
in the Saturn Beoster Branch. This System is _-1_ed "The Boeing

Saturn Record System a. This record system is used to _t,

describe and record fabrication, asse_, installation, testing,

and inspection data during "Inplant m and "eutplant" operations.
This system utilizes single forms for mnlti_se vJe uhich.

upon oclpletion, provide an histerical record of all planned and
unplamed events. Forms used and a brief descri_£en ef each
follows.

Manufacturing or Testing _ocess (Form No. S-812-65-29)

The M.O.R.T.P. page provides authorization and control of marrufao-
turing and test work. It provides an orderly means of sequencing

the operations required to assemble or test to engineering require-
aents. It also provides a means for transmittal of information
between departments and approval of completed work. (See figure
S-Z).

P_ List Pa_ (P.L.P.) (Form No. S-812-65-31)

The P.L,P. is a listing of all the co_onents and subassemblies

required to fabricate an assembly or a part of an assembly or

installation. It is used to supplement or deviate from an en-
gineerinK par_ llst. In addition it becomes a record of

serialized components incorporated into an end item. It provides

a means of parts accountabillt_ and controls and authorizes the

release of hardware from stores and further provides a transmittal

of information between department. (See Fignre 8-2).

Test Equipment Configuration Log (Form No. S-812-65-32)

The T.E.C.L. provides a record of equipment required and used to

perform a given test including calibration and configuration status.

The form is prepared by plarming organizations for test operation
levels (i) to (3) inclusive and is used to maintain a record

indicating the date of last calibration and the date for all

measuring and test equipment in accordance with Quality Publication
NFC 200'2. (See Figure _-3)-

Calibration Record Card

The Calibration Record Card is in _ format and provides quantA-
tative calibration data, serial number identifications and other
pertinent data for each wasurelemt of the airborne instrumentation
system and further provides a transmittal of detailed instrumentation
information between departments. (See Document D5-I1593, "Records

System - Saturn Booster Branch", page 19 for authorization and

example of this form),
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8.5.5

8.5.6

8.5.7

8.5.8

8.5.10

Use of the Time and Cycle Log form is required to provlde a record
of time and cycle data whiah remains with each item of critical

or limited llfe equipment until delivery, the data is required

for f lure reports, Operational Data as required by Quali 
Publication _PC 200-2, and for c¢_tlat_on of summary x_ports by
the _uallty Assurance Departaent. _he _ and 0_cle Log also pro-
vldes reliability information and the necessary information required
for replacement of sensitive equ_t before expiration of time and

Tesjt Data .Sheet (Form No. 3-812-65-33)

The Test Data Sheet is used to provide an inventory of all data

taken during testing. It also provides a convenisnt _ean_ of re-
cording numerical results as required by test procedures. (See

Figure8-5).

The E.I.L. is an _r_entory of released orders and other required

records and provides a transmlttal of ir_ormation as well as an
accountability of such records. It identifies drawings and _{mments

used to control processing. The required drawing or document number,

Drawing Change Status, Time and Cycle Log, Test Data Sheet, Test

Equipment Configuration Log, Manufacturing or Testing Process, Parts
List Page, Unplanned invent Record Log are listed for the manufacture

or testing of a part, assembly or installation. (See Ri_Are 8-6).

_c Unplanned Event Record is used to describe an u_planned event,

direct action required, and obtain resolution. The U.E.R. provides

a means of recording unplanned events, such as failures, rejection

and deviations from planned tests. It also provides a transmittal

of information necessary for correctlve action and a means of de-
fining final hardware configuration. (See Figure 8-7).

unplanned Evep.,,t, RacordSu_lemnt (U.E.R.S.) (Form No. 5-812-65-25)

The Unplanned Event Record Supplement is used to provide additional

pages to co.plebe any UER entry where sufficient space is not
available in UER. (See Figure 8-8).

Unp_ Event - Pi_ (UEg) (Form No. S-I12-65-2_)

This form is used to record discrepancies which do not require specific

disposition instructions in order to bring the discrepant item into
conformance with engineeri_ rmquirements and _hich do not require a

record of nonrecurrence action. It is used on items controlled by
_,_nufacturing or Testing Process (M,O.R.T.P.) record, (See Figure 8-9).
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8.5.LI

B.5._

_he Re-installation and Removal Record form is used for recording
removal, re-installation and re-test of items and pro'_l,lu a record
of all facility removals and removals for access purposes. It also
provides a record of approval of re-installation and re-test of
ra_ved items. A re_ is defined to Lnclude _ bundle dis-

connect, the ope_ of Lnspectlon sealed d_rs, or any breaks
of inspeoti_ seals u well as physical removal of an item. (See
ng o 8,.m)

_he Unplanned Event Record Log is used to record and provide an
accountability of all UZR's, USP's, and _'s whlch are applicable

to each MO_ work order until that work o_m" is conpleted,

Inspected an_ accepted. (See _re 8-11).

->.,.



,/ !_¸

II  'r4i

I

i t

1 i
I i

Ii ,
f '

Q. _ t
m

_I_ 'I

I!' I

i' I

I

1

1

I I v 1 I
I i I i
j t t

I
t I I _ I

} I i If II
I I _ I I
I I I

t I
J J 1

I s
t I I

I I e I I

I j I I I

I I e 1 1
I I _ I I
I

I I t I I
J t I

I I I

1

} t I
t I i

I

I
I

I I J i

I i I

t t i I
t I I I
I I I t
I

1

I
t

" I

t I

I
t t

I
t

I
t

I l

i t

_l__ _J__

u) utl

F_._-'_._8-.9 !_'PLAl_i_ll_]_B'_l'r_ORD - PICKUP FORM.

lit ll_.IrdNii' ,,o. D_.12_l
P,,°lli,.1



,,,, rimJ,.... " __ T- F ......

!,

8-10 IL_YaI'._2J,?ION AND 1LNI(C_n,'AI,lUDOCIq_)_011_



F_ 8-il UHPr._lq_XD EV'E_ _Ol_ LOa F_

,-.>-


